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GEl^ERAL  MONTHLY  MEETING. 

Monday,  November  1. 

Wri.i.iAM  Folk,  Esq.  M.  A.  F.Tx.S.  Treasurer  and  Ylce-Presldent, 

in  the  Chair. 

Cromwell  Fleetwood  Varley,  Esq. 
was  duly  elected  fi  Member  of  the  Royal  Institution. 

^forvyn  Ilainihot],  Esq. 
was  admitted  a  Member  of  the  Royal  Institution. 

The  Special  Thanks  of  the  Members  were  returned  to  II.  W. 
PicKEKSGiLL,  E^.  R.A.  for  his  Present  of  a  Portrait  (painted  by 
himself)  of  the  Rev.  John  Bablow,  F.R.S.  tlie  Iloporary  Secretary 
of  the  Royal  Institution. 

The  fullowliig  PnrsEyrs  were  announced,  and  the  tlianks  of  the 
Members  returned  for  the  snmo  :  — 
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Vfddin  (T>()lo(^ical  Soeictu— J ourr):i\,  \ol.  VIH-  Part  1.    8vo.  18&8. 
Editora— The  Medical  Circular  for  July  to  Oct.  18r)8.  Rvo. 
The  Practical  Mechanic's  Journal  for  July  to  Oct.  18j8.  4tO. 
The  Journal  of  Oas-Li^hting  for  July  to  Oct.  1858.  ~iio. 
The  Mechanics'  Magazine  for  July  to  Oct.  1858.  Syp', 
The  Ath  enji'um  for  July  to  Oct.  1858.  4to. 
Th^  n^ineer  for  July  to  Oct.  1858.  foL 
The  Artizan  for  July  to  Oct.  1858.  4tor 
The  Atlantis  No-  2.    8vo.  1858T 
Faraday,  Professor,  D.C.L.  /'.^.5.— -KoniglichePreussische  Akademic,  Berichte, 
Juni-Aug.  1858.    8vo.    Abhandlungcn,  1857.    4  to. 
Atti  ileirAccadcniia  Pontificia  de'  Lincei  Nuovi,  Anno  x.Se&>ioni  6.  7  ;  Anno  »i. 

Session!  1-5.    4to.    ]^)ma.  1857-58. 
Qversigt  over  (let  Kongelige  Dan&ke  Videnskabemes  Selskabs  Forhandlinger, 

1857-58.    8vo.  Kj.'bonhavn. 
Ext)<>siti(ni  riiiverselle  (!»•  1851.    Travanx  dc  la  Commission  Frani^aise.    Vol.  I« 
Inti  oduction,  par  le  liaron  Dapin;  Force  Productive  des  Nations.  8vo.  Paris, 
1H5H. 

Franklin  Institute  of  rcnnsylvania — Journal,  Vol.  XXXV.  No.  C,   Vol.  XXXVI. 

r^os.  1-3.    8vo.  1858. 
CgO]7ra^Atca/ 5oc^g/y^  AVyyg/— Proceedings,  Vol.  II.  Nos.  4,  5.    Svo.  1858. 

Geoloijlcal  Society — Quarterly  Journal,  No.  55.    Bvo.  18587 

G«ol<'xpsc/te  .l/Ksv);//,  11  >V>i^}alirl)iich.  1S57.    .\ns.  2  4.  4to. 

Uamthon,  Sir  (  iiarlcs,  ISart.  CIS.  /^I^'  -^- — \  tx-abulury  of  the  Language  of  the 

Aborigines  of  Newfoundland.    (^1S■ )  1 820. 
H'ftnann,  Dr.  A.  W.  F.Ii.S.  {the  Author) — l{e|)ort  on  Wgetablc  Parchment.  8vo. 

James,  Lieui.-Col.  H.  C.E.  F.R.S.  (on  behalf  of  the  Se<retnry  at  lly/r')— Account 
of  the  Ol»servations  and  Calculations  of  tlie  principal  'l^iangulation  of  the 
Oidiinnce  Trigonometrical  Surv  ey  of  Great  Uritaia  and  IrclandT    2  vols.  4to. 

Jeffreys,  Julius,  Esq.  F.R.S.  M.R.I,  (the  Author) — The  British  Army  in  India,  &c. 

8vo.     1 8.^8. 

Zendrick,  W.  E.  Fsii-  (the  Author) — The  Ministry' and  the  Parliament.   A  Review 

of  the  Ses^ioi!  of  185S.    8vo.  1N58. 
Leunn,  Malcnhn,  I^xij.M  R.f.  (the  Author) — The  Way  to  regain  India.  Svo.  1858. 

Einufdn  Sii-idy — Pi'oeeediiigs,  No.  9.     8vo.  1858. 

LirrtjHX'l  Literary  and  lyiilusophical  S(>citty—Pix>ccedwgfi,  'So.  12.    8vo.  1858. 
Manniuiu  J.  A.  Ks<j.  (  the    t/f/<Qr>--Observations  on  the  Sewage  of  Glasgow  and 

L'f'iulon.    Svo.    18381  ^ 
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l^ewBtom,  Metan. — Lopd<»  Joarnal  CSew  Series).  July  to  Oct.  1858.  8to. 
JVW/fo,  Mr.  {the  PMhhrr) — The  Musical  Tiinos,  for  July  to  Oct.  1858.  4to. 
Petrrmiinn,  A    Ks^j.  (the  A'Jifor)— Mittheiiungcn  auf  dem  Gesammtgcbicte  dor 

(jeo}^phie.    1858.    Heft  5-8.    4 to.    Gotha,  1658T 
PhiA<KnTphic  Society ~ J ouna\,  Nos.  68-71.    8yo.  1858. 

Jtadeliffe  Trustees^  Qj/brc/— liadcliffe  A&troDomical  QbservatioDS  in  1856.  Vol. 
XVU.    8vo.  1858. 

HeeveM,  Charles  Means ^  M.D.  (the  Author) — Diseasesof  the  Spinal  Cord,  &c.  12mo. 
1  858. 

Iio}fal  Society  of  Kdinhunjh — G.  Lawsoii's  Botanical  Papt^rs.    8vo.  1858. 
Jioyal  S'X-iHif  of  Z.</rKiow— Proceedings,  IVo.  32.    8vo.  1858. 

Phil.ityphjcal  Transactions,  1858.    Vol.  148.    Part  1.    4to.  1858. 
Siichdsche  GeselUchqft,   A'^n/y/t'c/tg— Abliandlungcn.    Band  IV.  (pp.  803-454.) 
Hand  VI.  (pp.  253-302).    4to.  185"8: 

Benchte.  Phil.  Hirt.  Ciasse.  1856.    Heft  »,  4.    1857,  and  1858.   lleft  1.  Math. 
Phyii.  Claase.  1857.    Heft  3,  4.    1858     Heft  1-    8va  1857-8. 
Scorer n,  J  M.U.—Capt.  T.  Thackerdv's  Manual  of  Rifle  Firin;;.    r2mo.  1588. 
Sorli/,  //.  C  E«,jjthe  Author)— Gty\oj;ici\\  TnLCls.    8yo.  1851-56. 
Statistical  Societ)/—Jo\in\a.\,yo].  XXI.    Part  3.    8vo.  1858. 
St.  Prlrrtbourg,  Acadi'mie  Imptriale  de—i^om^te  Rendu  Annuel,  18.56.  8vo.  1857. 
yereins  zur  Bffiirdcrung  dea  Gctrrrh/Ieisnes  in  I'renssfn — Mai-.\iig.  1858.  4tO. 
Trutch,  .Vr.— Preston's  Map  of  Oregon  and  Washington  Territories.  1^56. 
Vincent,  B.  AuL%t.  Sec.  K.I. — T.  Maplesoo,  History  and  Art  of  Cupping,  21x1 
edit.    12mo.  1821. 

Whitehouie,  E.  Wildman,  Esq.  M.R.I,  (the  Author)— -The  Atlantic  Telegraph.  8vo. 

1858. 

Reply  to  the  Statement  of  the  Directors  of  the  Atlantic  Telegraph  Company.  8vo. 

1858. 

Wrey,  J,  W.  Etg.  M.R.I. — Reports  on  Amendment  of  the  Law  of  Bankruptcy. 
Pyo.    1 8587 

Zoological  SoctWy— Proceedings,  Nog.  350-362.    8vo.  1858. 


GENERAL  MONTHLY  MEETING, 
Monday,  December  6, 1858. 

WiLiJAM  Polk,  Esq.  M.A.  F.R.S.  Treagurer  and  Vice-President, 

in  the  Chair. 

Riplit  Tlon.  James  A.  Stuart  Wortley,  M.P. 

William  George  Armstrong,  Esq. 
George  F.  Ctiani])ers,  E.sc[^ 
Rev.  Edwin  l*rodpers,  jun.  and 
Horace  James  Smith,  Esq. 

were  dulv  fleeted  Members  of  tlie  Royal  Tiustitution. 

Professor  T.  M.  Cootleve,  and 
C.  F.  Varley,  Esq. 

were  admitted  Menabers  of  the  Royal  Institution. 
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The  Secretary  announce<l  that  the  following  Arrangements  had 
been  made  for  the  Lectures  before  Easter,  1 859 : — 

Six  Lectures  on  Mktalline  Properties  (adapted  to  a  Juvenile 
Auditory),  by  Michael  Faraday,  Esq.  D.C.L.  F.RS.  in  the 
Christmas  Vacation,  1858-9. 

Twelve  Lectures  on  Fossil  Mammals,  by  Richard  Owen,  R?q. 
D.C.L.  F.R.S.  Fullerian  Professor  of  Physiolot^y,  R.I. 

Twelve  Leotmes  on  the  Fouoe  of  Gravity,  by  John  Tyndall, 
Esq.  F.R.S.  Professor  of  Natural  Philosophy,  R.L 

Nine  LtM'titres  (ni  Ougank  CirKMisTitY,  by  Dr.  W.  A.  Miller, 
Professor  of  Chemistry  at  King's  College,  London. 

Mr.  J.  P.  Lacaita  will  commence  a  Course  of  Ten  Lectures  on 
a  Literary  subject  on  Saturday,  April  2. 

The  Pre'^ents  received  since  the  last  Meeting  were  laid  on  the 

titble,  and  the  thank»ort]ie  ^Members  roturiicd  fur  tiie  same  ;  vi/. 

ActmrirH  Tnstitittr  n/'— Assurnncc  ^Tayn;;ine,  No.  33.    8vo.  1858. 

Art.<;,  Socif('/o!  —  .loiiriKtl  tov  Novciiihcr,  IS.'iH.  8vo. 

lifU,  ,I(icrJj,  Ks  j.  /.--I^lKtrririct-utif  al  .I()nriial  for  Novrinhcr  l8r)9.  8vo. 

Jitxjsf  i/,  Mrssrs.  { (he  /'f//;/t'.s7/fr.s )— The  Musical  World  for  Novcmlicr  1858.  4tO. 
Jitiiish  Architects,  linijal  loslttiite  of — Proceedings  ftir  rs"oveinl)er  1858.  4!o. 
Cambriiin'  Vhil<)%ophrcal  Stcirfi/ — 'rransactioiis,  Vol.  X.    Part  1.    4tO.  1858. 
Chemical  .SV^V/y-  Qiiavterly  Jouriiol,  No.  43.    8vo.  1858. 
r.tlitars—Thii  Medical  Circular  for  Novem])er  1858.  Svo. 

Thft  Practical  Mi  chaiiic',^  .loiirnal  for  Xovember  18.')8.  4to. 

The  Journal  of  (ias-Iyi^htirig  for  November  1858.  4to. 

The  Mechanics'  Magazine  for  XoveniUer  lt<5S.  8vo. 

The  Athenypnm  for  November  ISTiH.  AliL 

The  Engineer  for  Noveintxjr  1858.  fol. 

ThH  Aiti/an  for  November  1858.  4to. 

The  liitisli  Workman.    1S5.5-7.  fol. 
Fraiikliit  Iiistitiitc  rf  J*cnri!ii/lia>iia—J<n\ni!t\,  Vol.  XXXVl,  Nos.  4, 5.   Ryp.  1858. 
(Jfiigraphic'l  Societj/,  R(\i(al-~P\ocei;i\'uv^s,  Vol.  II.  No.  G.    8vo.  1858. 
GVo/o;/*r<7/  6V'tV/y— (juarterly  .lonrnal,  No.  56.    8vo.    1858.  ' 

Proceedings  for  November  1858.  8vo. 
Hamilton,  Sir  Chat  Irs,  Bart  C.Ii.  M .R.T — Mu«;ci  Americani :  Specimens  of  the 
Mosses  collected  in  British  North  America  duiing  Capt.  Frunklin's  Arctic 
ExtH-dition.    Hy  T.  Unimmond.    2  vol 8.    4to.  1^-8^ 
Hofmnnn,  Dr.  A.W.  F.li.S.  {the  ^l«/Aor)— Report  on  Vegetable  Parchment.  Svo. 
IMS. 

Homer,  L,  Esq*  F.fi.S.  (the  Author) — Geological  Researches  near  Cairo^  &c. 

Part  II.  (Phil.  Trans.)    4to.  1858. 
Lee,  Robert,  M.D.  F.R.S.  M.R.I,  {the  .<4ii<W)— Engravings  of  the  Ganglia  and 

NcM  ves  of  the  Uterns  and  Heart.    4to.  1858. 

Linneun  tSort'c^y  — Proceedinfgs,        'IQ-    ^vo«  1858. 
Muckie,  S.  J.  Knii  'S'.  Uhe  Kil'tor) yV\w  Geologist,  Vol.  I.  1858. 

Mitrchisnn,  Sir  R.  I.  M.R.I  {the  Director )~~h\GiXHi\m  of  the  Geological 

Survey  of  (Jreat  Hrituin  : — 

Mining  becords  for  1857.    Svo.  1858. 

B.  iliiih  O.  panic  Remain:* :  Decade  IX.    4to.  1858. 

Catnlo^ae  of  the  Jiock  Specimens  and  of  the  Contents  of  the  Mining  Record 
Office  in  the  Museum  of  Geology.    12Tno.  1858. 
jVfw/ow,  J^Uftsrs. — London  Journal  (New  Series),  for  November  1858.  Svo. 
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JikUstm,  Sir  Charles,  D.CM  l=J2^->CaUUflgiie  o£  Egyptian  and  other  Aotiqoi- 
ties.    Svo  1858. 

AMIe^  Mr,  {ike  PMMer)— The  Musical  Timcii  for  November  1858.  4to. 
Om,  Professor,  D.C.L.  F.H.S.  {the  Auff>or)~~A^Anm  at  the  Meetiog  uf  the 

British  A5S<X'iritioTi  at  lypcds.    8vo.  1858. 
PeUrmaun,  A.  Esq.  i^the  Editor) — Mittliuilungen  auf  dem  Gt^iiauitutgubivtc  dcr 

Geographie.   18S8.   Heft  9.   4to.   Gotha,  1858. 
Photf^p-nphic  Society— Joxtnvxl,  Nf»s        73.    8vo.  1858. 
SfHf^  H.  C.  Exq.  {the  -Geological  Tracts.    8vo.  1851-G. 

Uwikd  Stnnce  Jttstitution—Jonnal.   Nos.  3-6.   8to.  18S7-8^ 
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WEEKLY  £V£^^I2iG  MEETIJSG, 
Friday^  Jantiary  28* 

a 

Sw  Hbubt  HouAHDy  Babt.  M.D.  F.R.S*  in  the  Cliair. 

■ 

W.  11.  GiiovE,  i!^.  a.C.  F.K.S.  V.P.R.I, 

Oil  $k€  JBUetrieal  Discharge,  and  its  Stratified  Ajipmranee  in 

Mur^d  MediOm 

Few  subjects  of  physical  investigation  possess  greater  interest  lli;ni  {]m 
electrical  discharge  ;  its  brilliant  effects  and  mysterious  cliariH  t( ;  i-i  ics 
otier  powerful  stimuli  to  curiosity  and  enquiry.  The  speaker  pru]»o.sed 
first  shortly  to  state  the  extent  of  knowledge  we  possess  respecting  it ; 
dien  to  pass  to  certain  peculiar  phenomena  first  discovered  by  him  in 
1832)  and  aubsequently  experimented  on  by  others,  and  most  elabor- 
ately by  Mr.  Gassiot ;  and  then  to  offer  an  opinion  as  to  their  cause 
or  rationale. 

The  best  mode  of  examining  and  attempting  to  explain  the  electrical 
discbarge  is  to  compare  it  with  its  nearest  analogue  flame,  to  whieh  one 
form  of  the  diseliarge,  viz.  tlje  Voltaic  arc,  luis  much  seemin-r  rcsfMu- 
blauce.  The  flame  of  a  common  candle  results,  as  is  well  kuown,  trom 
the  chemical  combination  of  carbon  and  lisdrogen  with  the  oxygen  of 
the  air ;  and  the  combustion  is  most  brilliant  where  the  heated  gases 
and  particles  are  in  proximity  to  the  oxygen.  It  fbrms  a  hoUow  cone, 
as  the  oxygen  of  the  air,  being  consumed  or  combined  into  water  and 
ottbonic  add  at  the  exterior  portion,  cannot  reach  the  interior:  the 
course  of  the  currents  of  heated  air,  and  the  particular  form  of  this 
buUow  cone  of  flame,  are  beautifully  shown  by  the  refraction  it  pro- 
duces on  a  more  brilliant  light,  such  as  that  of  the  electric  lamp ;  the 
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flnnic  issiips  from  a  single  nucleus,  the  wick  :  nnd  the  amount  of  iieat 
pro* hired  is  dcHnite  for  a  detiiiite  aruoimt  of  chemical  cornbitiiit  u)n. 

lii  the  Voltaic  arc  there  are  two  points  or  foci;  the  polar  k  riiiiiials 
there  undergo  a  cltange,  but  not  a  consumption  equivalent  ur  nearly 
•0  to  the  heat  and  light  produced ;  but  if  the  oonsumption  of  the  xino 
or  the  quantity  of  it  combined  with  oxygen  in  the  oells  of  the  battery 
be  compared  with  the  amount  of  heat  generated  in  the  are,  pins  that  in 
.  the  cells  of  the  batter^'  and  conducting  wires,  the  same  amount  of  total 
heat  will  be  found  to  be  developed  aa  if  the  aame  quantity  of  zino 
were  simply  burned  in  oxygen. 

By  subdividing  more  and  more  the  plates  of  the  voltato  hnttery  ;uid 
proportionately  increasing  their  number,  we  gradually  increase  the 
length  and  diminish  the  volume  of  the  arc,  until  at  length  we  arrive, 
Wi  in  the  voltaic  columns  of  De  Luc  aud  Zamboui,  at  the  eiectnc 
spaik* 

The  tpark  hem  a  Bnhmkorff  ooil  was  projected  on  a  screen  by  the 
electric  lamp,  and  the  impreadon  contrasted  with  that  of  the  flame  of 

a  candle  ;  in  the  former  two  cones  aie  aeen  to  imie  from  the  terminals 
instead  of  the  single  one  of  the  latter,  one  being  more  powerful,  and 

overcoming  or  beating  back  the  other;  and  this  effect  isrevefsed  at 
the  direction  of  the  current  is  reversed. 

In  all  coses  hitherto  observed  there  is  a  dispersion  or  projection  of 
a  portion  of  the  terminals ;  tliis  takes  place  in  all  forms  of  electric  dis- 
ruptive discharge,  whatever  be  tlie  materials  of  which  the  terminals 
are  composed.  In  the  voltaic  arc  there  is  a  transmission  of  matter, 
principally  from  the  positive,  wliieh  is  the  more  intensdy  heated,  to 
the  negative  terminal ;  in  the  spark  from  the  Buhmkorff  coil  the  dis- 
pernon  is  principally,  and  in  some  cases  appears  to  be  entirely,  from 
the  negative  terminal,  while  this  is  now  the  more  intensely  heated. 

In  addition  to  thb,  there  is  generally,  but  not  always,  a  change 

Cduced  in  tlio  medium  across  which  the  discharge  passes  :  compound 
^  lids,  vapours,  and  gases  are  decomposed,  and  even  elementary  gases 
are  allotropically  changed.  There  is  also  a  polar  condition  of  the 
electrical  discharge,  which  produces  the  converse  chemical  effects  at 
each  pole — effects  described  by  Mr.  Grove  in  a  paper  in  the  Philo- 
sopldcal  Tirsnnctions  toft  1852,  and  subsequently  shown  at«n  evening 
meeting  of  this  Institution. 

Gases  ofe  a  powerful  resistance  to  the  passage  of  the  discharge, 
but  this  resistance  is  diminished  as  the  gi^es  are  rarefied  ;  and  a  dis- 
charge which  would  not  pass  across  a  space  of  half  an  inch  in  air  of  tlie 
ordinary  density  will  pass  through  several  feet  in  highly  attenuated  air. 

In  experimenting  on  the  passage  of  the  discharge  tiirougii  the 
vapour  of  phosphorus  in  18o2,  Mr.  Grove  observed  for  the  first  time 
that  the  discharge  wjvs  traversed  by  a  number  of  dark  bands  or  stria*. 
At  first  he  was  disposed  to  attribute  this  phenomenon  to  some  peculi- 
arity of  the  medium ;  but  on  trying  good  vacua  of  other  vapours  and 
oases,  he  found  the  strim  were  in  all  cases  visible,  and  seemed  to 
depend  on  the  degree  of  rareftction  of  the  gas.  Many  subsequent 
experimenti  have  l^n  made  by  himself  and  others  on  the  subject,  and 
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more  particnlarly  by  Mr.  Gaasiot;  and  the  extent  of  knowledge  we 
hnvf'  ru  ( I  u  i  red  upon  tlus  Still  mysteriouft  plienomeiion  wainowditfoitned 

and  illiistrati  fi. 

In  the  vajKiur  of  phosphorus  the  striae  goiu  rally  exhibit  themselves 
like  narrow  ruled  lines,  about  0*0o  inch  diatDeter,  traiisverfte  u>  the 
lioe  of  discharge ;  but  with  certain  precantions  they  become  wider  and 
ammie  a  oonical  fonn,  ■omewhat  membliiig  the  wludebone  fnakee 

made  as  a  toy  for  chlldnn.  Mr.  Gassiot  has  used  most  carefully  ])re- 
pared  Torricellian  vacua^  and  has  also,  in  conjunction  with  Dr. 
Franklund,  obtained  excellent  vacua,  by  filling  tul)e«  ronfRining  sticks 
of  c;iustir  |M>tass  with  carbonic  acid,  exhaiLsting  them  by  the  air-pumpy 
and  allowing  the  resjidual       to  be  absorbed  by  the  potass. 

The  following  is  a  tiummary  of  the  effects  produced  by  the  electric 
discharge  through  these  vacua. 

If  the  Tacanm  be  eqnal  to  that  generally  obtained  by  an  ordinaiy 
air-pump,  no  stfattflcatiom  are  perceptible ;  a  difibied  umbent  light 
lilLs  the  tube :  in  a  tobe  in  which  the  rarefaction  is  carried  a  step 
further,  narrow  ctriie  are  perceptible,  like  those  first  descril)ed  in  the 
ph<wphorus  vapour  experiment.  A  step  further  in  n\ref;K  ti<jn  iiicreases 
the  breadth  of  the  bands;  next  we  the  conical  or  cup-shaped  form  ; 
and  then,  tlie  rarefaction  being  still  lii^^'lu  r.  we  irot  a  series  of  luminous 
cyliuderB  of  an  inch  or  so  in  depth,  wkii  narrow  divisions  between 
them.  Lastly,  with  the  best  vacua  which  have  been  obtained,  there  is 
nether  discharge,  light,  or  conduction.*  Tlie  fitct  of  non-condnction 
by  a  veiy  good  Torricellba  vacuum  was  fint  noticed  by  Walsh,  sab- 
aeqaently  carefully  experimented  on  by  Morgan  (I^hilosophical  Trans- 
actions, 1785),  and  subsequently  by  Davy  (1822)  ;  the  latter  did  not 
obtiilri  an  etitire  non-conduction,  but  a  coDfiderable  diminutton  both 
of  li^ht  and  coihIhc  ting  power. 

Ir'rom  these  re|>eated  experiments  it  may  fairly  be  considered  as 
proved,  that  in  vacuo,  or  in  media  rarefied  beyond  a  certain  poirjt, 
electricity  will  not  be  conducted,  or  more  correctly  speaking,  trans- 
mitted $  an  eitremely  important  lendt  in  its  liearing  on  the  theoriei  of 
dediicity* 

The  gradual  widening  of  tlie  strata,  as  the  rarefaction  proceeds,  is 
in  fiftvonr  of  the  phenomena  of  stratification  being  due  to  mechanical 

impulses  of  the  attenuated  mcdiiim,  and  appears  to  support  the  follow- 
ing mtionale  of  the  phendiiH  inin  f^iven  bv  -Vfr.  Grove  ;  who  does  not 
advance  it  as  conclusive,  but  only  as  an  apj)roximation  to  a  theory 
to  be  silted  by  further  experiments.  When  the  battery  contact  is 
broken,  there  is  generated  the  well-known  induced  current  in  the 
aeomidaiy  wire  in  the  same  direction  as  the  original  battery  current,  to 


*  The  prrKluction  of  vacua  by  carbomc  acid,  and  the  increasing  brp^  Uh  of  the 
sirati/icatioos  with  increased  rarefaction,  was  Communicated  by  Mr.  Gafisiot  ia  a 
paper,  md  to  the  Hoyal  Society,  Jan.  13,  1859.  I  kieliae  to  think  ^fm. 
hvdrogen  gas,  ^ith  potisli,  might  pivp  -i  better  vncnnm  thnii  cartionic  acid  Si 
th^  hiM,  residual  Dortiom  of  the  gas  \^  f  uUi  l>c  tilowly  combiucd  by  the  diicharae 
aod  the-water  so  wnned  abioriMa  by  the  potash^W.  B.  G. 
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which  secondan^  current  the  brilliant  effects  of  rlie  Unhmkorffcoil  arc 
due  :  but  in  addition  to  tliis  current  in  the  secondary  wire,  there  ia 
also  a  secondary  current  in  the  primary  wire,  flowing  in  the  same 
direction;  the  induction  spark,  at  the  moment  following  tlie  di:»nipiion 
of  oontBct,  com|»IetiDg  the  circuit  of  the  primaiy,  and  thus  allowing  tiie 
•ecoadary  cmrent  to  paae.  This  secondaiy  curreDt  Id  the  primary  wire 
produoee  in  its  turn  another  secondary,  or  wliat  may  be  termed  a 
tertiary,  current  in  ^he  Beoondary  wire,  in  an  oppoeite  direction  to  the 
secondary  current.  There  are  thus,  almost  synchronously,  two  currents 
in  opposite  dirertions  in  the  secondary  wire;  fhf>sf«,  by  cansing  a 
contlict  or  irregular  action  on  the  rarefied  medium,  wouhl  give  rise  to 
waves  or  pulsations,  and  might  well  account  for  the  stratitied  appear- 
ance. The  experimental  evidence  in  favour  of  this  view  is  as  follows: 
when  a  single  break  of  battery  contact  is  made  by  drawing  a  stout 
copper  wire  over  another  wire,  the  etris  do  not  invariably  appear 
in  the  rarefied  medium  through  which  the  current  of  the  secondary 
wire  passes.  This  would  be  accounted  for  on  the  above  theory  by 
eopposing  that  in  some  cases  of  disruption  the  induced  spark  passes 
across  immediately  on  disruption,  and  thus  completes  the  circuit  for 
the  sPfOTidary  current  in  the  primary  wire ;  while  in  other  cases,  either 
from  want  of  sufficient  intensity,  or  from  the  mode  or  velocity  with 
which  contact  is  broken,  or  from  the  oxidation  of  the  points  where 
contact  is  broken,  there  is  no  induced  spark  by  which  the  current  can 
pass :  in  the  former  case  there  would  be  a  tertiary  current  in  the 
•eoondary  wire,  and  therefore  stiisB ;  in  the  latter  there  would  be 
none. 

But  the  following  experiment  Is  more  strongly  in  &vonr  of  the 
theory.  It  Is  obvious  that  the  secondary  must  be  more  powerful  than 
the  tertiary  current.    Now  supposing  an  obstacle  or  resistance  placed 

in  the  sprondarj'  circuit,  which  the  secondary  current  can  overcome 
but  tlic  t(  rtiary  cannot,  we  nurrht  by  the  theory  to  get  no  striae.  If  an 
interruption  be  made  in  tiie  secondary  current  in  addition  to  that 
formed  by  the  rarefied  medium,  and  this  interruption  be  made  of  the 
full  extent  which  the  spark  will  pass,  tliere  are,  as  a  general  rule,  no 
strisB  in  tiie  rarefied  medium,  while  the  same  vacuum  tube  shows  the 
strise  well  if  there  be  no  such  break  or  interruption.  The  experiment 
was  shown  by  a  large  vaentmi  cylinder  (16  inches  by  4)  of  Mr* 
Gassiot,  and  his  micrometer  electrometer  ;  this  tube  showed  numeroos 
broad  and  perfectly  distinct  bands  when  the  points  of  the  micrometer 
were  in  contact ;  but  when  they  were  separated  to  the  fullest  extent 
that  would  allow  sparks  to  pass,  not  the  slightest  symptom  of  bands 
or  striie  were  perceptible,  the  whole  cylinder  was  filltnl  with  an  uniform 
lambent  flame.  With  a  spark  from  the  prime  conductor  of  the  elec- 
trical machine,  tlie  strisc  do  not  appear  in  tubes  which  show  tiiem  well 
with  the  Ruhmkorfi'  coil;  occasionally,  and  in  rare  instances,  strisB 
may  be  seen  with  sparks  from  the  electrical  maelune,  but,  not  as  fiur 
as  Ifr.  Giove  has  observed,  when  the  spark  Is  unquestionably  smffle. 
All  this  is  In  favour  of  the  theoiy  given  above ;  but  without  regardmg 
tliat  af  conclusive  or  as  a  proved  ratiimalef  it  is  clearly  demonstrated 
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by  the  abore  ezpaiments,  that  the  identical  vacuum  tabes  wfaieli  thmr 
the  striae  with  certain  modes  of  producing  the  discharge,  do  not  show 
them  witli  other  mode?*,  and  that  therefore  the  siriaB  are  not  a  necessary 
condition  of  the  disch;«r'je  itself  in  highly  attenuated  media,  but 
depend  upon  the  mode  ol  it-s  production. 

'Ihu  btudy  of  the  electrical  discharge  in  vacuo  is  of  the  utmost 
importance  iu  reference  to  the  theories  of  electricity,  and  probably  will 
assist  mach  towards  the  proper  conception  of  other  modes  of  foree^ 
OTy  as  they  are  termed,  imponderables^  beat,  light,  &c. 

The  experiments  of  Walsh  and  Morgan,  corroborated  as  they  now 
are  by  that  of  Mr.  Gassiot,  show,  that  although  the  transmission  of 
electricity  across  gaseous  media  is  aided  by  rarefaction  of  (Im>  medium 
up  to  a  cert.iiri  degree,  yet  that  a  degree  of  attenuation  may  be 
reached  at  wliich  the  transmission  ceases,  at  all  events  for  a  given  dis- 
tance between  the  terminals  and  given  intensity  of  electrical  charge. 
Whether  having  arrired  at  this  point  a  reduction  of  the  space  to  be 
tni¥ersed,  or  an  Increase  of  intensity  In  electricity,  or  both,  would 
again  enable  the  electricity  to  pass,  is  not  quite  clear,  though  there  is 
reason  to  believe  that  it  would,  and  the  increased  intensity  of  electricity 
would  probably  be  again  stopped  by  a  further  improvement  in  the 
vacuum,  rnid  so  on.  But  the  experiments  go  far  to  prove  that  ordinary 
matter  is  requisite  for  the  transmission  of  electricity,  and  that  if  space 
could  exist  void  of  matter,  then  there  would  be  no  electricity  :  thus 
snpportiiig  the  views  advocated  by  i\Ir.  Grove  and  some  others,  that 
electricity  is  an  affection  or  mode  of  motion  of  ordinary  matter. 

The  non-transmissioo  of  dectricity  by  very  highly  attenuated  gas 
nay  also  afibrd  much  assistance  to  the  theory  of  the  aurora  boresUs,  a 
phenoinenon,  the  appearance  of  which,  the  regions  where  it  is  seen,  its 
effect  on  the  magnet,  and  other  eonsideratioufi,  have  led  to  the  tmivei^ 
sal  belief  that  if  5s  f^lrctrical. 

'I'he  exjieriineiitai  result  that  a  certain  d(»f^ree  of  attenuation  of  air 
fomis  a  p;o(jd  conductor,  or  easy  j)at]i  for  the  electrical  force,  while 
either  a  greater  or  a  less  degree  of  density  otfers  more  resistance,  and 
tius  inereesing  towards  either  extremity  of  density  or  rarefaction, 
show,  that  If  there  be  currents  of  electricity  circulating  to  or  from  the 
polar  regions  of  the  earth,  the  return  of  which,  as  is  generally  believed, 
gives  rise  to  the  beautiful  phenomena  of  the  aurora  borealisor  australis 
the  height  where  this  transit  of  electricity  takes  place  would  be  just 
nt  which  the  density  of  the  air  is  such  as  to  render  it  the  best  con- 
ductor. By  careful  measurement  of  the  degree  of  attenuation  requisite 
to  enabl(«  the  electrical  discharge  to  pass  with  the  greatest  facility  in 
our  laboratory  ex|>eriments,  we  may  approximatively  estimate  the  deoree 
of  rarefection  of  die  atmosphere  at  the  height  where  the  aurora  b  realis 
exists.  By  these  means  we  get  a  mode  of  estimating  the  height  of 
the  aurora  by  asoertalning,  from  the  decrement  of  density  in  the  atmo- 
sphere in  proportion  to  its  distance  from  the  earth,  at  what  elevation 
the  best  conducting  state,  or  that  similar  to  our  belt  conducting 
%'acunm  tubes  would  be  found,  or  conversely,  by  ascertaininff  the 
height  of  the  aurora  by  paraUnctic  measurements,  we  may  ascertain 
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the  ratio  of  decrement  in  tlie  density  of  the  atmosphere.  Thus  by  our 
cabinet  experiments,  light  may  be  thrown  on  the  grand  phenomena  of 
the  universe,  and  the  great  questions  of  the  divisibility  of  matter, 
wiiether  there  is  a  limit  to  its  expansibility,  whether  there  is  a  fourth 
state  of  attenuation  beyond  the  recognised  states  of  solid,  liquid,  and 
gaseous,  as  Newton  seemed  to  suspect,  (30th  query  to  the  Optics,)  and 
whether  the  imponderables  arc  specific  affections  of  matter  in  a  peculiar 
state,  or  of  highly  attenuated  gaseous  matter,  may  be  elucidated. 
The  manageable  character  of  the  electrical  discharge,  and  the  various 
phenomena  it  exhibits  when  matter  is  subjected  lo  \t&  influence  in 
all  those  varied  states  which  we  are  enabled,  by  experiment,  to  reduce 
it,  can  hardly  fail  to  afford  new  and  valuable  informatiou  on  these 
abstruse  and  most  interesting  enquirioe. 

[W.  R.  G.] 


WEEKLY  EVENING  MEETING, 
Friday,  February  4,  1859. 
SiH  R.  I.  MuRcuisoN,  D.C.L.  F.R.S.  Vice-President,  in  the  Chair. 

Pbofessou  Owen,  F.R.S.  &c. 

rVLLBRIAN  rUOFESSOB  OF  rHTSIOLOGT,  BOTAX  IKCTZTV'TIOV. 

On  the  Gorilla, 

The  lecturer  referred  to  the  discourse  "On  the  Anthropoid  Apes  and 
their  relations  to  Man,"  delivered  by  him  in  1855,  in  which  so  much 
as  was  at  that  time  known  respecting  the  extraordinary  and  then 
recently-discovered  species  of  ape,  tlie  subject  of  the  present  lecture, 
had  been  detailed,  with  inferences  drawn  from  the  osteology  and 
dentition  of  the  gorilla,  in  regard  to  the  hypothetical  origin  of  man  by 
transmutation  and  development  of  the  ape.  The  additional  facts,  sub- 
sequently ascertained  respecting  the  gorilla,  although  they  prove  its 
nearer  approach  to  man  than  any  other  tailless  ape,  have  not  in  any 
degree  affected  or  invalidated  the  conclusions  at  which  the  lecturer 
had  arrived  in  his  previous  discourse. 

Since  the  date  of  that  discourse,  skeletons  and  the  entire  carcase 
preserved  in  spirits  of  the  gorilla  had  successively  reached  the  Museums 
of  Paris,  Vienna,  and  London  ;  and  had  formed  the  subjects  of  several 
memoirs,  the  results  of  the  recorded  observations  differing  only  in 
regard  to  the  interpretation  of  tiie  facts. 

Dr.  Wyman,  the  accom])]ished  anatomical  professor  at 
U.S.,  agreed  with  Professor  Owen,  in  referring  tlie  gurill 
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same  genus  as  the  chimpanzee  (TTOfflodfUt)^  bat  lie  ttffls^  the  latter 
afi  more  nearly  allied  to  the  human  kind. 

Professors  Duvernoy  and  Isidore  i  ;rH»ffroy  St.  llilaire  consider  the 
differeoceti  iu  tlie  osteology,  dentition,  and  outward  character  of  the 
gorilla  to  be  of  generic  importance  ;  and  they  enter  the  species  in  the 
loological  catal^siiee  aa  GoriUa  gina^  the  trivial  naiiie  being  that  by 
whieh  the  atitinal  is  called  by  the  nativet  of  Gaboon ;  the  Frendi 
naturalists  also  concur  with  tlie  American  in  placang  the  gorilla  below 
the  chimpanzee  in  the  zoological  scale  ;  and  some  have  more  lately 
been  f1i<|)osed  to  place  both  below  the  siamangs,  gibbons  or  long>ariued 
apes  ( Hylobates). 

Deferring  tlie  discussion  of  these  qiu  stlous,  the  lecturer,  referring 
to  a  spirited  and  accurate  painting,  lile  size,  of  the  aduit  male  gorilla, 
by  Wolf^  proceeded  to  describe  the  external  characters  of  the  animal, 
as  Uiey  were  exhibited  by  the  speeiiiien  preserved  in  spirits  which  had 
shortly  before  been  received  at  the  British  Moseom,  and  had  since 
been  admirably  prepared  and  moooted  by  Mr.  Bartlett,  the  well-known 
taxidermist.  The  lecturer  first  called  attention  to  the  diortnessy 
almost  nbsence,  of  neck,  due  to  the  backward  position  of  the  junction 
of  the  head  to  tlir  trunk,  to  the  preat  lengtli  of  the  cervical  spine?, 
causing  the  nape"  to  project  beyond  the  "  occiput/*  to  tlie  great  size 
and  elevation,  of  the  scapulae,  and  to  the  oblique  rising  of  the  clavicles 
from  their  sternal  attachments  to  above  the  level  of  the  angles  of  the 
jaw.  The  brain-case,  low  and  narrow^  and  the  lofty  ridges  of  the 
sknllf  make  the  eranial  profile  pass  in  aUnost  a  straight  line  from  the 
occiput  to  the  superorbital  ridge,  the  prominence  of  which  gives  the 
BMMt  forbidding  feature  to  the  physiognomy  of  the  gorilla ;  Sie  tbiek 
integument  overlapping  that  ridge  forming  a  scowling:  peTit-hoii<?e  over 
the  eyes.  The  nose  is  more  prominent  than  in  the  t  liimjiati/f^  or 
orang-utan,  not  only  at  its  lower  expanded  part,  but  at  its  upper  !ialf, 
where  a  slight  prominence  corresponds  witli  that  which  the  author  iiad 
previously  pointed  out  in  the  nasal  bones.  The  mouth  is  very  wide, 
the  lips  large,  of  nnifonn  thickness,  the  upp^er  one  with  a  straight,  as 
if  incised  margin,  not  showing  the  colonrsd  lining  membrane  when  the 
mouth  Is  shut.  The  chin  very  short  and  receding,  the  muzzle  very 
prominent.  The  eyelids  with  eye-lashes,  the  eyes  wider  apart  tlian  in 
the  orang  or  chimpanzee  ;  no  eyebrows  ;  but  the  luiiry  sailp  continued 
to  the  supcrorbitiil  ridge.  Tlie  ears  smaller  in  prDportion  than  in 
man,  much  smaller  than  in  tlie  ciiinijmnzee ;  but  tlie  btructuro  of  the 
auricle  more  like  that  of  man :  it  was  minutely  described  and  ajia- 
pared.  On  a  direct  front  view  of  the  face,  the  ears  are  on  the  same 
paimUel  with  the  eyes.  The  teeth  had  been  described  In  the  lecturer^s 
iDtmer  disooiuse.*  The  huge  canines  in  the  male  give  a  most  formi- 
dable aspect  to  the  beast:  they  were  not  fully  developed  in  the 
joonger  and  entire  qpedmen,  now  moonted.  The  npwfile  of  the  trunk 


•  *'On  the  Anthropoid  A  pes:"  Proceedings,  R.I.  Vol.11,  (1856^  p.  26  ;  sad  la 
the  TxansactiocM  of  the  Zoological  Society,  1848. 
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describes  a  slight  convexity  from  tbe  nape  to  th?  sncram^^there  being 

no  inbending  at  the  loins,  which  seem  wanting,  tlie  thirteenth  pair  of 
ribs  being  close  to  the  "  hibrum  ilii."  The  chest  is  of  great  capacity  ; 
the  shoulders  very  wide  acrov;s  :  the  pectoral  roiiion-^  nre  sHs^litlv 
marked,  and  show  a  pair  of  nipples  plnced  a^s  iu  ttie  chiiDjianzee  and 
luiman  spocies.  The  abdomen  is  soniewhj^t  prominent,  both  before 
aiid  at  tiie  bides.    The  pelvis  relatively-  broader  ihau  in  other  apes. 

The  chief  deviations  from  the  human  ^tracture  were  seen  in  the 
limbs,  which  araof  great  power,  the  upper  ones  prodigiously  strong, 
Tbe  arm  from  below  the  short  deltoid  prominence  preserves  its  thick- 
ness to  the  condyles;  a  uniform  circumference  prevails  in  the  fore- 
arm ;  the  leg  increases  in  thickness  from  below  the  knee  to  the  ankle. 
There  is  no  rnlf.  These  characters  of  tlie  liiisl)s  nre  due  to  the  general 
absence  of  tliose  partial  muscular  enlargements  which  impart  the 
graceful  varying  curvw  to  the  outlines  of  the  limbs  in  man.  Yet 
they  depended,  the  lecturer  remarked,  rather  on  excess,  than  delect, 
of  development  of  the  cameons  as  compared  with  the  tenduious  parts 
of  the  limb*muscle8,  which  thus  continue  of  almost  the  same  sixe  from 
their  origin  to  their  insertion,  with  a  proportionate  gain  of  strength  to 
the  beast.  The  difference  in  the  length  of  the  upper  limbs  between 
the  gorilla  and  man  is  but  little  in  comparison  with  the  trunk ;  it 
appears  greater  thronf^h  the  arrest  of  developmrnit  of  the  lower  limbs. 
Very  signiticant  of  the  closer  anthropoid  athnities  of  the  gorilla  was 
the  superior  length  of  the  arm  (humerus)  to  the  fore-arm,  as  compared 
Willi  the  proportions  of  those  parts  in  the  chimpanzee.  The  hair  of 
the  arm  indines  downward,  that  of  the  fore-aim  npwaid^  as  in  the 
c^mpansee.  The  thumb  extends  a  little  beyond  the  hue  of  the 
proximal  phalanx  of  the  fore-finger ;  it  does  not  reach  to  the  end  of 
the  metacarpal  bone  in  the  chimpanzee  or  any  other  ape :  the  thumb 
of  the  siamang  is  still  shorter  in  proportion  to  the  lenglh  of  the  finders 
of  the  same  liand  :  the  philosophirnl  zoologist  will  see  great  siginhcanee 
in  tills  fact.  In  man  the  thumb  extends  to,  or  beyond,  the  middle  of 
tho  hrst  phalanx  of  the  fore-hnger. 

Tbe  fore-arm  in  the  gorilla  passes  into  the  hand  with  very  slight 
evidence,  by  constriction,  of  the  wrist ;  the  circumference  of  which, 
without  the  hair,  was  fourteen  indies,  that  of  a  strong  man  averaging 
eight  inches.  The  hand  is  remarkable  for  its  breadth  and  thickness, 
and  for  the  great  length  of  the  palm,  occasioned  both  by  the  length  of 
the  metacarpus  and  the  greater  extent  of  undivided  integument  between 
the  dip;its  (Imn  in  man  ;  tlie<-e  rnily  Vt^'C'in  to  be  freeoppositetlie  ujirMIe 
of  the  }»i  (>\imal  or  first  phahmges  in  the  gorilla.  The  digits  are  thus 
short,  and  appear  as  if  swollen  and  gouty  ;  and  are  conical  in  shape 
after  the  first  joint,  by  tapering  to  nails,  which,  being  not  larger  or 
longer  than  those  of  man,  are  reSitively  to  the  fingers  much  smaller. 
The  circumference  of  the  middle  digit  at  the  first  joint  in  the  gorilla 
is  dwindles;  in  man.  at  the  same  part,  it  averages  2|  inches.  The 
skin  covering  the  middle  phalanx  is  thick  and  callous  on  the  backs  of 
the  fingers,  and  there  is  little  outward  appearance  of  the  second  joint. 
The  habit  of  the  auimal  to  apply  those  parts  to  the  grouud,  iu  occasioual 
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progression,  is  niauifested  by  these  callosities.  The  back  of  the  hand 
is  hairy  as  far  lus  the  divisions  of  tlip  fingers  ;  the  palm  is  naked  and 
calloas.  The  thumb,  beside*  its  sh^THK  <s,  nrcording  to  the  standard 
of  the  humau  hand,  is  scarcely  half  so  liiick  us  the  tui  e-finger.  T  he 
nail  of  the  thumb  did  uot  extend  to  the  end  of  that  digit ;  in  the 
fiogeiv  the  nail  projc  cted  a  little  beyond  the  end,  but  with  a  slightly 
eooTez  worn  margin,  reaembting  the  human  nails  in  shape,  but  lela* 
tirely  less. 

In  the  hind  limbs,  cfaiefiy  noticeable  was  tliat  first  appearance  in  the 

qoadmmanous  series  of  a  muscular  development  of  the  gluteus,  causing* 
a  small  buttock  to  project  over  each  tuber  j'^rhii.  This  structure,  with  the 
j)€ciiliar  expanse  (in  r/tiddrumana)  of  tlie  iliac  bones,  leads  to  an  inference 
tiial  the  gorilla  nuibt  naturally  and  with  more  ease  resort  occasionally 
to  station  and  progression  on  the  lower  liuibstliau  any  other  ape. 

The  same  cause  as  in  the  arm,  viz.,  a  continuance  of  a  large  pro- 
portion of  fleshy  fibies  to  the  lower  end  of  the  muscles,  oo-eiSensive 
with  the  thigh,  gives  a  great  ciicumference  to  that  segment  of  the 
limb  above  the  koee-joint,  and  a  more  uniform  size  to  it  than  in  man. 
The  relative  shortness  of  the  thigh,  its  bone  being  only  eight-ninths 
the  length  of  the  humerus  (in  man  the  humerus  averages  five-sixths  the 
len^h  of  the  femur),  adds  to  the  appenrmifo  of  its  snperior  relative 
thicknfss.  Absolutely  the  thigh  is  not  uf  greater  circumference  at  its 
middle  than  is  the  same  part  in  man. 

The  chief  difference  in  the  leg,  after  its  relative  shortness,  is  the 
abt»euce  of  a  calf,''  due  to  the  non-existence  of  tlie  partial  accumula- 
tion of  cameous  flbres  in  the  gastrocoemii  muscles,  causing  that 
pconuBenoe  in  the  type-races  of  manldnd.  In  the  goriila  tlie  tendo- 
aefaUKs  not  only  continues  to  reodve  the  "  penniform  *'  fibres  ,to  the 
heel,  bat  the  fleshy  parts  of  the  muscles  of  the  foot  receive  accessions 
of  fibres  at  the  lower  third  of  the  leg,  to  which  the  greater  thickness  of 
that  part  1^'  due,  the  proportions  in  this  respect  being  the  reverse  of 
tho«e  in  man.  The  expands  at  once  into  llie  fotst.  which  has  a 
peculiar  and  characteristic  form,  owing  to  the  modilications  tavouring 
bij>€dal  motion  being  superinduced  upon  an  esseiiiially  prehensile, 
quadrumauous  type.  The  heel  makes  a  more  decided  backward  pro- 
jection  than  in  Uie  chimpaustee;  the  heel-bone  is  relatively  thidcer, 
deeper,  more  expanded  vertically  at  its  liind  end,  beiides  being  fully  as 
long  as  in  the  chimpanzee.  This  bone,  so  characteristic  of  anthropoid 
affinities,  is  shaped  and  proportioned  more  like  the  human  calcaneum 
than  in  any  other  ape.  The  malleoli  do  not  make  such  well-marked 
projections  a«5  in  man ;  they  are  marked  more  by  the  thickness  of  the 
fleshy  and  tendinous  parts  of  tlie  muscles  that  pass  near  them,  on  their 
way  to  \>r  inserted  into  parts  of  the  foot.  Although  the  foot  be 
articulated  Lo  the  log  with  a  slight  inversion  of  the  f?^>le,  it  is  more 
neariy  plantigrade  than  in  the  chimpanzee  or  any  other  ape.  The 
hallux  (great  toe,  thumb  of  the  foot),  though  not  reladvely  longer 
than  in  tlu»  chimpanzee,  is  stronger ;  the  bones  are  thicker  in  proportion 
to  their  length,  especislly  the  last  phalani,  which  in  shape  and  breadth 
math  resembles  tliat  in  the  human  foot.   The  hallux  in  its  natural 
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portion  diverges  fifom  the  other  toes  at  an  angle  of  GO  deg.  from  the 
axis  of  the  foot ;  its  base  is  large,  swelling  into  a  kind  of  hall  helow, 
upon  which  the  thick  callous  epidenn  of  the  sole  is  continued.  The 

transverse  indents  and  wrinkles  show  the  frequency  and  freedom  of  the 
flex  ihM!iov(Mnents  of  tlie  two  joints  of  the  hallux;  the  nail  is  small, 
flat,  und  short.  The  sole  of  the  foot  gradually  expands  from  the  heel 
forward  to  the  divergence  of  the  hallux,  and  seems  to  be  here  cleft,  and 
almost  equally,  between  the  base  of  the  hallux  and  the  common  base  of 
the  other  ibur  digits.  These  are  small  aad  slender  in  proportion^  and 
their  bases  are  enveloped  in  a  eommon  tegumentary  sheath  as  far  as 
the  base  of  the  second  plialanz.  A  longitmlinal  indent  at  the  middle 
of  tiie  sole,  bifurcating — one  channel  defining  the  ball  of  the  hallux, 
the  other  running  towards  the  inters}>ace  between  the  second  nnd  third 
digit — indicates  the  action  of  opposing  the  whole  thumb  (which  srenis 
rather  like  an  inner  lube  or  divitiion  of  the  sole),  to  the  outer  division 
termiiiated  by  the  four  short  toes.  What  is  termed  the  instep  "  in 
man  is  very  high  In  the  gorilla,  owing  to  the  thidcness  of  the  cameo- 
tendinons  parts  of  the  muscles  as  they  pass  irom  the  leg  to  the  foot 
over  this  region.  The  mid-toe  (Uiird)  is  a  little  longer  than  the  second 
and  fourth ;  the  fifth,  as  in  man,  is  proportionally  shorter  than  the 
fourth,  and  is  divided  from  it  by  a  somewhat  deeper  cleft.  The  whole 
sole  is  wider  than  in  man — relatively  to  its  length  much  wider — and  in 
that  re8pect,  as  well  as  by  the  otl-set  of  the  hallux,  and  the  defiiiiiimi 
of  its  basal  ball,  more  like  a  luuid,  but  a  hand  of  huge  dimeusioud 
and  of  protentous  power  of  grasp. 

The  hairy  integument  is  eondnned  along  the  doraiim  of  the  foot  to 
the  clefb  of  the  toes,  and  upon  the  first  phalanx  of  the  hallux :  the 
whole  sole  is  bare. 

In  regard  to  the  outward  colonition  of  the  gorilla,  only  fi-om  the  ex- 
amination of  the  living  animal  could  the  precise  shades  of  colour  of  the 
naked  parts  of  the  skin  be  truly  described.  Much  of  the  epiderm  had 
peeled  off  the  subject  of  the  present  disi  (uirse  ;  but  fortunately  in  large 
patches,  and  the  texture  of  these  had  act^uired  a  certain  firmness, 
apparently  by  the  action  of  the  alcohol  upon  the  albuminous  basis. 
Tiie  parts  of  the  epiderm  remaining  upon  the  fiwe  indicated  the  skin 
there  to  be  chiefly  of  a  deep  leaden  hue;  it  is  everywhere  finely 
wrinkled,  and  was  somewliat  less  dark  at  the  prominent  parts  of  the 
supraciliaiy  roil  and  the  prominent  margins  of  the  nasal  also the 
soles  and  palms  were  also  of  a  lighter  colour. 

Although  the  geneml  colour  of  the  hair  appears,  at  fii-st  sight,  and 
when  moist,  to  be  almost  black,  it  is  not  so,  hut  is  rather  of  a  dusky 
grey :  it  is  decidedly  of  a  less  deep  tint  than  in  the  chimpanzee  (  TrogL 
niger)  :  this  is  due  to  an  admixture  of  a  few  reddish,  uud  of  more 
greyish,  hairs  with  the  dusky  coloured  ones  which  chiefly  constitute  the 
pelage:  and  the  above  admixture  varies  at  different  parts  of  the 
body.  The  leddidi  hain  are  so  numerous  on  the  scalp,  especially 
along  the  upper  middle  region,  as  to  make  their  tint  rather  predominate 
there ;  they  blend  in  a  less  degree  with  the  long  liairs  upon  the  sides 
of  the  £Kce.  The  greyish  luurs  are  found  mixed  with  the  dusky  upon 


Digmzca  by  d^r..- .  iv. 


4M  tk§  GoriXUu 


15 


tlie  dorsal,  deitoidal  and  anterior  fenaoral,  rrjcions ;  but  on  the  limbs, 
not  in  such  proportion  as  to  affV'ct  the  impressiun  of  the  general  dark 
colour,  at  iirst  view,  iv'ear  the  margin  ul  tlie  vent  are  a  few  short 
ivliitMlihAin,M  iatliecliiiDfMiinee,  Ihe  epiderm  of  the  boek  ebowed 
the  effects  of  habitual  rating,  with  that  part  against  the  trunk  or  biaoch 
of  a  tree,  occMionitig  the  hair  to  be  inofe  or  less  robbed  off:  the 
e|»theliaai  was  here  very  thids  and  toogfa. 

It  is  most  probable,  from  the  degree  of  admixture  of  different 
roloured  hairs  above  described,  that  a  living  gorilla  seen  in  bright 
sunlight,  would  in  some  positions  relicct  from  its  surface  a  colour  much 
more  different  from  that  of  the  chiinpanzee  than  appears  by  a  com- 
pariflon  of  the  skin  uf  a  dead  specimen  sent  home  iu  spirits.    It  can 

iMiidly  be  doobted  also,  that  age  wUl  make  an  appredaUe  difoenoa 
in  thegeoeial  oolofation  of  the  Troplodytet  goriUeL 

The  adult  nude  fforilla  measmes  live  feet  six  inches  from  the  sole 
to  the  top  of  the  head,  the  breadth  across  the  shoulders  is  nearly  three 
feet,  the  length  of  the  upper  limb  is  three  feet  four  inches,  that  of  the 
lower  limb  is  two  feet  four  inches  ;  the  lenpf^th  of  the  head  and  trunk  is 
three  feet  six  incheSi  whilst  the  same  dimeusioa  in  wan  does  not 
a%'erage  three  feet. 

In  ilie  foregoing  remarks  the  lecturer  had  given  the  results  of  direct 
obsarvations  made  on  the  first  and  only  enUie  specimen  of  the  gorilla 
which  had  reached  England.  At  the  period  when  they  were  made,  no 
other  description  of  its  external  characters  had  reached  him ;  and  if 
the  majority  of  them  be  found  to  agree  with  previously  recorded 
observ^ations  by  naturalists  enjoying  carlipr  opportunities  of  studying 
similarly  preserved  specimens,  the  rarity  aiid  importance  of  the  species 
lni^r|Jt  f  xciise,  if  it  did  not  justify,  a  second  description  from  direct 
s<  riitiiiy  uf  a  new  specimen  by  an  old  observer  of  the  anthropoid  quad- 
rumaiia.  A  mucli  more  important  labour,  however,  remained.  The 
aecorale  leoord  of  facU  in  natuial  history  was  one  and  a  good  aim  j  Ihe 
deduction  of  their  true  consequences  was  a  better.  Fmessor  Owen 
proceeded,  therefore,  to  reconsider  the  conclusions  fiom  which  his 
experienced  French  and  American  fellow-labourers  in  natnial  histovy 
differed  from  him,  and  in  which  it  seemed  he  stood  alone. 

The  first — it  mny  be  called  the  supreme — cpiestion  in  regard  to  the 
gorilla  was,  its  place  in  the  scale  of  nature,  and  its  true  and  precise 
affinities. 

Is  it  or  not  the  nearest  of  kin  to  human  kind  ?  Do^  it  fonn,  like 
the  ehimpansee  and  orang,  a  distinct  genus  in  the  anthropoid  or  knuckle* 
walking  group  of  apes?    Are  these  apes,  or  are  the  long  armed 

fibbons,  more  nearly  related  to  the  genus  ffomof  Of  the  brood* 
reast-boned  quadrumana,  are  the  knudde-walkers  or  the  brachiators, 
i.e.  the  long- armed  gibbons,  most  nearly  and  essentially  related  to  the 
human  subject  ?  I'rofessr^r  ( >\veu  proceeded  to  grapple  with  the  first 
as  the  most  important  question. 

At  the  first  aspect,  whether  of  the  entire  animal  or  of  the  skeleton, 
lie  freely  admitted  that  the  gorilla  strikes  the  observer  as  being  a 
mudi  more  bestud  and  brutidi  anhnal  than  the  chimpaniee.  All  the 
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features  that  relate  to  the  wielding  of  the  strong  jaws  and  large  canines 
are  exaggerated ;  the  evidence  of  brain  is  less ;  its  proper  cavity  is 

more  masked  by  the  outgrowth  of  the  strong  occipital  aud  other 
cranial  ridges.   But  then  the  inipres^sion  so  made  that  the  gorilla  la 

less  like  man,  is  the  same  which  is  derived  from  comparing  a  young 
with  an  adult  cliinipanzce.  or  sumo  small  tailless  monkey  with  a  full- 
grown  male  orang  or  chimpanzee.  Taking  tlie  cimracters  that 
cause  that  impression  at  a  first  inspection  of  tlie  gorilla,  most  of  the 
small  South  American  iiiunkeys  are  mure  authrupuid ;  they  have  a 
proportionally  larger  and  more  human-shaped  cranium,  much  less  pro- 
minent jaws,  with  more  equable  teeth. 

Referring  to  the  diagrams  of  the  skeletons  of  the  adult  males  of 
the  gorilla,  chimpanzee,  orang,  and  gibbon,  Professor  Owen  remarked 
that  the  globular  cranium  of  the  last,  and  its  superior  size  compared 
with  the  jaws  and  teeth,  seemed  to  show  the  gibbons  to  be  more  nearly 
akin  to  man  than  any  of  the  larger  tailless  apes.  And  this  conclusioii 
liad  been  formed  l)y  a  distinguished  French  paljeontologist,  M.  Lartet, 
and  accepted  by  a  iiio-li  geological  authority  at  home.*  The  experi- 
enced Professor  of  Human  Anatomy  at  Amsterdam  had  been  also  cited 
as  supporting  this  view ;  but  the  lecturer  had  failed  to  find  any  statement 
of  the  grounds  u])on  which  it  was  sustained.  In  the  art  Quadrumana 
of  Todd's  Cyclopsedia,  cited  by  Lartet,t  Pkofessor  Vrolik  briefly 
treats  of  the  osteology  of  the  Quadrumana  according  to  their  natural 
families.  In  *^a  first  genus,  JSimia  proper,  or  ape,"  he  includes  the 
chimpanzee  or  orang,  noticing  some  of  the  cliief  points  by  whicli  these 
a]»es  approach  the  nearest  to  man.  He  next  goes  to  tlie  second 
gemis,  the  gibbon  (Hi/foba(r.^),  notices  tlieir  ischial  callosities,  and  the 
nearer  approach  of  tiieir  molars,  in  their  rounded  form,  to  the  teeth  of 
carnivora  ihaa  the  molars  of  the  genus  Simtu.  TheUj  comparing  the 
slamang  with  other  species  of  Hytobates,  Vrolik  says, "  its  skeleton  ap- 
proaches roost  to  that  of  man/'  which  may  be  true  in  comparison  with 
other  gibbons,  but  certainly  is  not  so  as  respects  the  higher  Simw, 
No  details  are  given  to  illustrate  the  proposition  even  in  its  more 
limited  application  ;  but  the  minor  length  of  the  arms  in  the  slamang, 
as  compared  with  HyiobaU$  Utr^  was  probably  the  obvious  character 
in  Vrclik's  mind. 

The  appearance  of  superior  cerebral  development  in  the  siamatig 
and  other  long-armed  apes  is  Jjie  to  tlieir  small  size  and  the  concomi- 
tant feeble  development  of  their  jaws  and  teeth.  The  same  appear- 
ance makes  the  small  platyrrhine  monkeys  of  South  America  equally 
anthropoid  in  their  ihcial  piiysiognomy,  and  much  more  human-Hke 
than  are  the  great  orangs  and  chimpanzees.  It  is  an  appearance  which 
depends  upon  the  precocious  growth  of  the  brain,  as  dependent  on  the 
law  of  its  development.  In  all  quadrumana  the  brain  has  reached 
its  full  size  before  the  second  set  of  teeth  is  acquired,  almost  before 


*  Sir  C.  Lyell,  Supplement  to  the  5th  Edition  of  a  Mamis)  of  Elemeatsiy 

Geology,  1 8.59,  p.  1 5. 
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the  fiiHt  6*it  is  shell.  If  a  young  gorilla,  chimpanzee,  or  oraiig,  be 
compared  witii  h  young  :^tainaiig,  of  corresponding  age,  the  abM>lutel^ 
kiger  nze  and  better  sliape  of  brain,  the  deeper  and  more  numerous 
ooDvc^atiions  of  the  oerebruni}  and  the  more  completeily  covered  oere- 
beiluiDy  tinequivocally  demonstrate  the  higher  organization  of  the 
shorter-anned  apes ;  in  the  structure  of  the  brain,"  writes  Vrolik,* 
in  accordance  with  all  other  comparative  anatomists,  ^*  they  "  (cbim- 
jmnzee  and  orang-utan)  "approach  tlie  nearest  to  man."  The  dep^ree 
to  which  the  chimpauztie  and  oruu^r  so  rejsemblcd  the  hiiniau  type 
fieemed  much  doser  to  Cuvier,  who  knew  those  great  a])es  only  in 
their  imniaiuriiy,  with  their  smaii  milk  teeth  and  precociout»ly  de- 
▼doped  brain.  Accordingly,  the  anthropoid  characters  of  the  iimia 
Miijfru9  and  Simia  iroylodytcs^  as  deduced  from  the  facial  angle  and 
dentitioiiy  are  proportionally  exaggerated  in  the  "  Uegne  AnimaL**f 
As  growth  proceeds^  the  milk-teeth  are  shed*  the  jaws  expand,  the 
great  canines  succeed  their  diminutive  representatives,  tite  biting 
muscles  ^wm  a  proportional  increase  of  carneous  fibres,  their  bony 
fulcra  respond  to  the  ciill  for  increaiied  surface  of  attachment,  the 
snjz^ittal  and  oeciintal  crests  begin  to  rise;  but  the  brain  grows  no 
iuore  ;  its  cranial  box  retains  the  bize  il  showed  in  immaturity  ;  it 
ftnally  becomes  masked  by  the  superinduced  osseous  developments  in 
those  apes  which  attain  the  largest  stature  and  wield  the  most  for- 
nudably  armed  jaws.  Yet  under  this  disguise  of  physical  force,  the 
brain  b  still  the  better  and  the  larger  than  is  that  of  the  little  long- 
armed  ape,  wliich  retains  throughout  life  5:0  much  more  of  the  characters 
of  imiiKiturity,  especially  in  the  structure  of  the  skull. 

The  sianiang  and  other  gibbons  have  smaller  lower  but  longer 
upper  canines,  relatively,  than  in  the  orangji  and  chiuipanzees  ;  the 
peruaaneut  ones  more  quickly  attain  their  full  size,  and  are  sooner  in 
their  place  in  tlie  jaws ;  consequently  the  last  mohir  teeth — ^wiiat  we 
csJl  the  wisdom-teeth"— come  hist  into  place  as  they  do  in  the 
human  species.  Bur^  if  this  be  interpreted  as  of  importance  in  deter- 
mining the  relative  affinity  of  the  longer-armed  sind  shorter-armed 
apes  to  man,  it  is  a  clianicter  in  which,  as  in  their  seeming  superior 
rprfbra!  developiTieut,  the  I/iflabatcs  agree  with  sonte  n)uch  lower 
quadn/innfta  "vviih  still  suKulcr  eiuiincs.  The  conipuraii\  e  anatomist, 
pursuing  lids  lu obt  interejiting  cuinpanson  with  clear  knowledge  of  the 
true  cunditioDs  and  significance  of  a  globular  cranium  and  small  jaws 
within  the  ipiadmrnaoous  order,  turns  his  attention  to  the  true  dl»- 
tiaetive  characters  of  the  human  organization. 

In  respect  to  the  brain,  he  would  look  not  so  much  for  its  relative 
ttze  to  tlie  body,  as  for  its  relative  size  in  the  species  compared  one 
with  another  in  the  same  natural  ^jronj^  Tie  wonhl  enquire  what 
qii;idruniaiH>ns  animal  sliows  absolutely  the  l)i^^est  brain  ?  what  species 
tthows  tlie  deepciit  and  most  numerous  and  wiiKiing  convolutions  ?  in 


*  An.  ^Mdnmiawi,  Cyclopedia  of  Anatosiy,  veU  iv.,  p.  195. 
t  Ed.  1839,  pp.  S7, 89. 
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which  is  the  cerebrum  largest,  as  coinpared  with  the  cerebelluna  ?  If 
he  found  all  these  characters  highest  m  the  gorilla,  be  would  not  be 
diyerted  from  the  just  ioference  became  the  great  size  and  surpassing 
physical  power  attained  in  that  spedes  masked  the  true  data  from 
obvious  view. 

The  oomparative  anatomist  would  look  to  the  eflBCum  and  the  ischial 
integument:  if  he  found  in  one  subject  of  his  comparisons  ( IVoglodytes) 
a  long  "appendix  vermiformis  ca^ci/*  as  in  man,  but  no  *'  cjillositieB," 
and  in  another  subject  {Hylobates)  tlie  ischial  rnllositips  but  only  a 
short  rudiment  of  the  caecal  appendix,  he  would  know  wiuchof  the  two 
tailless  apes  were  to  be  placed  next  the  monkeys  with  ischial  callosities 
and  no  vermiform  appendix,"  and  which  formed  the  closer  link  toward 
man.  He  would  find  that  the  anthropoid  intestinal  and  dermal  charaxs 
ten  were  associated  with  the  absolutely  larger  and  better  develo{>ed 
bndn  in  the  gorilla,  chimpanz.ee,  and  orang ;  whilst  the  lower  quad- 
rmnanous  characters  exhibited  by  the  csBcum  and  nates  were  exhibited 
by  the  smaller-brained  and  longer-armed  tailless  gibbons. 

Pursuing  the  comparison  through  the  complexities  of  the  bony 
framework,  the  comparative  anatomist  would  first  glance  at  the  more 
obvious  characters;  and  such,  indeed,  as  would  be  given  l^y  the  entire 
animal.  The  characteristics  of  the  limbs  in  man  are  their  near  equality 
of  length,  but  the  lower  limbs  are  the  longest.  The  arms  in  man 
reach  to  below  the  middle  of  the  thigh ;  in  the  gorilla  they  nearly  attain 
the  knee;  in  the  chimpanaee  they  reach  below  the  knee ;  in  the  oiang 
they  reach  the  ankle ;  in  the  siamang  they  reach  tlie  sole ;  in  most  gibbons 
the  whole  palm  can  be  applied  to  the  ground  without  the  trunk  being 
bent  forward  beyond  its  naturally  inclined  position  on  the  legs.  These 
gradational  diflerences  coincide  with  other  characters  determining  the 
relative  proximity  of  the  apes  compared  with  man.  In  no  quadru- 
niaiia  docd  the  humerns  exceed  the  ulna  so  imich  in  length  as  in  man  ; 
only  in  the  very  highest  and  most  antliropoid,  viz.  the  gorilla  and 
chimpanzee,  does  it  exceed  the  ulna  at  all  in  length ;  in  all  the  rest,  as 
in  the  lower  quadrupeds,  the  fbre-aim  is  longer  tnan  the  arm. 

The  hnmerosy  in  the  gorilla,  though  less  long,  compared  with  the 
ulna,  than  in  man,  is  longer  than  in  the  chimpanzee ;  in  the  orang  it  is 
shorter  than  the  ulna ;  in  the  sianuing  and  other  gibbons  it  is  much 
shorter,  the  peculiar  length  of  arm  in  those  "  long-armed  apes"  is 
chiefly  due  to  the  exce^^sive  length  of  the  antibrachial  bones. 

The  difference  in  liie  length  of  the  u]>per  limbs,  as  compared  with 
the  trunk,  is  but  little  b(  tw(  (  n  man  and  the  gorilla.  The  elbow-joint 
iu  the  gorilla,  as  the  arm  hangs  down,  is  opposite  the    labrum  ilii," 

the  wrist  opposite  the  tuber  ischii  It  Is  rather  lower  down  in  the 
chimpanzee ;  is  opposite  the  knee-joint  In  the  orang  $  and  opposite  the 

ankle-joint  in  the  siamang. 

Man's  perfect  hand  is  one  of  his  peculiar  physical  characters ;  that 
perfection  is  mainly  due  to  the  extreme  differentiation  of  the  first  from 
the  other  four  digits,  and  its  concomitant  power  of  opposing  them 
as  a  perf^t  thumb.  An  op])osable  thumb  is  present  in  the  hand  of 
most  quadrumam,  but  is  usually  a  small  appendage  compared  with 
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that  of  man.  It  is  relatively  largest  in  the  gorilla.  In  this  ape  the 
Unmib  raadiee  to  a  little  beyond  the  base  of  the  first  phalanx  of  the 
ftre-finger ;  it  dom  not  reach  to  the  end  of  the  metacarpal  bone  of  the 

fore-fiiiger  in  the  chunpaoxee,  orang,  or  gibbon  ;  it  is  relatively  smallest 

in  the  last  tailless  ape.    In  man  the  thumb  extends  to  or  beyond  the 

middle  of  the  first  phalanx  of  the  forp-finjrer.  The  pliilu-oijliiral  zoolo- 
gist will  see  great  significance  in  the  results  of  this  comparison.  Only 
in  the  gorilla  and  rhiinpanzee  are  the  carpal  bones  eight  in  number,  as 
in  man  ;  iu  tlie  uraiigs  and  gibbons  they  are  nine  in  number,  as  in  the 
tailed  nioiikeys. 

The  Bcapiolfle  are  broader  in  the  gorilla  than  in  the  chimpansee» 
onmgy  or  loog-anned  apes;  they  come  nearer  to  the  proportiona  of  that 
bone  in  man.  But  a  more  decisive  resemblance  to  the  human  structure 
is  presented  by  the  iliac  bones.  In  no  other  than  the  gorilla  do  tliey 
bend  forward,  so  as  to  produce  a  pelvic  co?icavity  ;  nor  are  tliey  s(» 
broad  in  pmiiorl ion  to  their  length  in  any  ajn^  as  iu  the  gorilia.  in 
both  the  chini|);ni/i"e  and  orang  the  iliac  bone^  are  flat,  or  present  a 
concavity  rather  at  the  back  than  at  the  forepart,  lu  the  siamaug  tiiey 
are  not  only  flat,  but  are  narrower  and  longer,  resembling  the  iliac 
bones  of  taued  monkeys  and  ordinary  quadrupeds. 

Tlie  lower  limbs,  mough  characteristically  short  in  the  gor^la,  aie 
longer  in  proportion  to  the  npper  limbs,  and  also  to  the  entire  trunk, 
thnn  111  the  chimpanzee ;  they  are  much  longer  in  both  proportions  and 
more  robust  than  in  the  oran^«?  or  nribbons.  But  the  guiding  points  of 
com])arisons  here  are  the  heei  and  the  hallux  (great  toe  or  thumb 
of  tlie  foot). 

The  heel  in  the  gorilla  makes  a  more  decided  backward  projection 
than  in  the  chimpanzee ;  the  heelbone  is  relatively  thicker,  deeper, 
more  expanded  verticalljf  at  its  hind  end,  beside  being  fully  as  long  as 
in  the  diimpaniee :  itis  m  the  gorilla  shaped  mid  proportioned  more  like 
the  human  calcaneum  than  in  any  other  ape.  Among  all  the  tailless 
ap^  the  calcaneum  in  the  siamang  and  other  gibbons  least  resembles 
in  its  f^bnpe  or  proportional  8izo  that  of  man. 

Aithougii  the  foot  he  nrticiiiated  to  the  leg  with  a  slight  inversion 
of  the  sole  it  is  more  nearly  plantigrade  in  the  gorilla  than  in  the  cltira^ 
panzee.  The  orang  departs  far,  and  the  gibbons  farther,  from  the  human 
type  in  the  inverted  position  of  the  foot. 

Tlie  great  toe  which  forms  the  fulcrum  in  standing  or  walking  is 
perhaps  the  most  characteristic  peculiarity  in  the  human  structure ;  it 
is  that  modification  ^  hich  differentiates  the  foot  from  the  hand,  and 
gives  the  character  to  his  ordpr  (Bimana).  Tn  tlie  degree  of  its 
approach  to  this  development  of  the  hallux  the  quadrumanous  animal 
makes  a  true  step  in  affinity  to  man. 

The  orang-utan  and  the  siamang,  tried  by  this  test,  descend  far  and 

afamptly  below  the  diimpanaee  and  gorilla  in  the  seale.  In  the  orang 
the  halfox  does  not  reach  to  the  end  of  the  metacarpal  of  the  secotid 
toe ;  in  the  chimpanzee  and  gorilla  it  reaches  to  the  end  of  the  first 
fiMtt^w*  of  the  second  toe;  but  in  the  gorilla  the  liallux  is  thicker  and 
stUDPgeg  than  in  the  diimpansee.  In  both,  however,  it  is  a  true  thumb, 
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by  position,  diverging  from  the  other  toes,  in  tlie  gorilla,  at  an  angle  of 
60  degrees  from  the  axis  of  the  foot. 

Man  has  12  pain  of  ribs,  the  gorilla  and  ehtmpansee  have  18 
pain,  the  oranga  luive  12  pain,  the  g^bona  have  IS  pain.  Were  the 
nataialist  to  trust  to  this  single  character,  as  some  have  trusted  to  the 
cranio-facial  one,  and  in  equal  ignorance  of  the  real  oondiUon  and  value 
of  both,  he  nii^ht  think  that  the  orAugs  {Pilhecus)  were  nearer  akin 
to  man  than  the  cliimpanzee  (  Troglnrffites)  are.  But  man  has  some- 
times a  thirteenth  pair  of  ribs ;  and  what  we  term  "  ribs  "  are  but 
vertebral  elements  or  appendages  coramoQ  to  nearly  all  the  true  ver- 
tebrae in  man,  and  only  so  called,  when  they  become  long  and  free. 
The  genera  JSTomo,  Troglodytes,  and  PUheeuty  have  precisely  the  same 
number  of  vertebne :  if  Troglodytes^  by  the  development  and  mobility  of 
the  pleurapophyses  of  the  20th  vertebra  from  the  occiput  seem  to  have 
an  additional  thoracic  vertebra,  it  has  one  vertebra  less  in  the  lumbar 
regioti.  So.  if  there  be,  ns  h!\s  hecti  observed  in  the  same  genus,  a  differ- 
ence in  the  number  of  s:icral  vertebra-,  it  is  merely  due  to  a  last  lumbar 
having  coalesced  with  what  we  reckon  the  first  sacral  vertebra  in  man. 

The  thirteen  pairs  of  ribs,  tkereiore,  in  the  gorilla  and  chimpanzee 
are  of  no  weight,  as  against  the  really  important  cliaracters  significative 
of  alfinity  with  the  human  type.  But,  supposing  the  fact  of  any  real 
value,  how  do  the  advocates  of  the  superior  resemblance  of  the  gibbon'a 
skeleton  to  that  of  man  dispose  of  the  thirteenth  pair  of  ribs  ? 

In  applying  the  characters  of  the  skull  to  the  determination  of  the 
important  question  at  issue  tliose  must  first  be  asecrtHined  by  which  the 
genus  Uoino  trenchantly  difiers  trom  the  *r(  uus  *Si/nia,  of  Linneeus. 
To  determine  these  osteal  distinctions,  ihe  h-ctnrer  stated  that  he  had 
compared  Lhc  skulls  of  many  individuals  of  diiferent  vuiieties  of  the 
human  race  together  with  those  of  the  male,  female,  and  young  of  species 
of  Troglodytes f  Piihecus,  and  ffylobaies;  Professor  Owen  referred 
to  his  Catalogue  of  the  Osteological  Series  in  the  Museum  of  the  Royal 
College  of  Surgeons,  4to.,  1863,  for  the  detailed  results  of  these  com- 
parisons. On  the  present  occasion  he  would  restrict  himself  to  a  few 
of  these  results. 

The  first  and  most  obvious  difft  rential  character  is  the  globular  form 
of  the  brain-case,  and  it^  superior  relative  size  to  tlie  face,  especially  the 
jaws,  in  man.  But  this,  for  the  reasons  he  had  alre^idy  assigned,  is  not 
an  instructive  or  decisive  character,  wlien  eomjMunng  quadrumanous 
species,  in  reference  to  the  question  at  issue.  It  is  exaggerated  in  the 
human  child,  owing  to  the  acquirition  of  its  full,  or  nearly  full  size,  by 
the  brain,  before  the  jaws  have  expanded  to  lodge  the  second  set  of 
teeth.  It  is  Mfi  anthropoid  character  in  which  the  quadnimana  resemble 
man,  iii  pi  oj'ortion  to  the  diminution  of  their  general  bulk.  If  agorilla, 
with  milk-teeth,  have  a  somewhat  larger  brain  and  brain-case  than  a 
chimpanzee  at  the  same  innnature  age,  the  acquisition  of  greater  bulk 
by  the  gorilla,  and  of  a  more  formidable  physical  development  of  the 
skull,  in  reference  to  the  great  canines  in  the  male,  will  give  to  the  chim- 
panzee the  appearance  of  a  more  anthropoid  character,  which  really 
does  not  belong  to  it ;  which  could  be  as  little  depended  upon  in  a 
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question  of  precise  airuiity  as  the  like  more  anthropoid  characters  of  the 
female,  as  compared  with  the  male,  gorilla  or  cliimpaozee. 

Much  moie  impoitatit  and  ngnifioant  were  the  following  chaiacteis 
of  the  hiunan  skoll.  The  pontioo  and  plane  of  the  occipit^  foramen ; 
the  proporttonal  size  of  the  condyloid  aiid  petrous  processee ;  the  mas- 
toid processes,  which  relate  to  balancing  the  head  upon  the  trunk  in  the 
erect  altitude ;  tlie  small  premaxillaries  and  concomitant  small  size  of 
the  incisr>r  teeth,  as  compared  with  the  molar  teeth.  This  clianicter 
relate2i»  to  tiie  superiority  of  the  psychical  over  the  physical  powers 
in  man.  It  governs  the  feature  in  which  man  recedes  from  the  brute, 
as  does  also  the  prominence  of  the  nasal  bones  in  most,  and  in  all  the 
typical,  races  of  man.  The  aomewhat  angular  form  of  the  bony  orbiti^ 
tending  to  a  aqoare,  with  the  ooroers  rounded  off,  is  a  good  homan 
character  of  the  skull ;  which  is  diffieoli  to  comprehend  as  an  adaptive 
one,  and  therefore  the  better  in  the  present  inquiry.  Theamemay  be 
said  of  tlie  production  of  the  floor  of  the  tympanic  or  auditory  tube 
into  tlu'  ]>late  called  "  vaj^iiial." 

Ik  lieviiig  the  foregoing  to  be  sufficient  to  test  the  respective  <1(  i^^rees 
of  lithiiity  to  man  within  the  limited  group  of  quadrumana  to  which  it 
iras  proposed,  in  the  present  lecture,  to  apply  them,  the  speaker  would 
not  weary  his  audience  or  weaken  his  argument  by  citing  minor 
chamcsten.  The  question  at  issue  Is,  as  between  the  anthropoid  apes 
and  man.  Cuvier  deemed  the  orang(Pf£Aec//.v)  to  be  nearer  alcin  toman 
than  the  chiraparjzr  c  {Troglodytes)  is.  That  belief  has  long  ceased  to 
be  eTitert;\ined.  1*1  ofessor  Owen  proceeded,  tlierefore,  to  compare  the 
gorilla,  chimpanzee,  and  gibbon,  in  reference  to  tlieir  human  affinities. 

Most  naturalists  entering  upon  this  qnestioii  would  first  look  to  the 
premaxillary  bones,  or,  owing  to  the  early  contiuence  of  those  bones 
with  the  mamillaries  in  the  gorilla  and  chimpanzee,  to  the  part  of  the 
upper  jaw  oontaining  the  incisive  teeth,  on  the  development  of  which 
depends  the  prognathic  or  brutish  character  of  a  skull.  Now  the 
extent  of  the  premaxillaries  bdiow  the  nostril  is  not  only  rolatively  but 
absolutely  less  in  tlie  gorilla,  and  consequently  the  profile  of  the  skull 
is  less  convex  at  tliis  part,  or  less  "  prognathic,"  than  in  the  olnmpanzee. 
Notwithstanding  tlie  degree  in  which  the  skull  of  the  gorilhi  surj)asses 
in  size  that  of  the  chimpanzee,  especially  when  the  two  are  compared 
on  a  front  view,  tlie  breadth  of  the  premaxiilanes  and  of  the  four 
incisive  teeth  is  the  same  in  both.  In  the  relative  degree,  therefore,  in 
which  these  bones  are  smaller  than  in  the  chimpanzee^  the  gorilla,  in 
this  most  important  character,  comes  nearer  to  man.  In  the  gibbons 
the  incisors  are  relatively  smaller  than  in  the  gorilla,  but  the  pre- 
maxillaries bear  the  same  proportional  size,  in  the  adult  male  siamang. 

Next,  as  regards  the  nasal  bones.  In  the  chimpanzee,  as  in  the 
orangs  and  gibbons,  they  are  as  tiat  to  the  face  as  in  aii}  of  the  lower 
Simi<e.  In  the  gorilla,  the  median  coalesced  margins  of  the  upper  half 
of  the  nasal  bones  are  produced  forwards ;  in  a  slight  degree  it  is  true, 
but  affording  a  most  significant  evidence  of  nearer  resemblance  to  man. 
In  the  same  dmee  they  impress  that  anthropic  feature  upon  the  fiice 
of  the  living  gocula.    In  some  pig-faced  baboons  there  axe  ridges  and 
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prominences  in  tl»r  iinso-facial  part  of  the  skull  ;  but  they  do  not 
really  affect  the  question  as  between  tlie  gorilla  and  cliirapauzee.  All 
naturalists  know  that  the  seninopitheques  of  liorneo  have  long  noses  ; 
but  the  proboscidifonu  appendage  which  gives  so  ludicrous  a  mask  to 
IhiMe  monkeys  la  waroely  the  homologue  of  the  baman  nose,  and  ia 
mmccompanied  by  any  sueh  modification  of  the  nose-bones  as  gives  the 
true  ftuthropoid  character  to  the  human  skuUi  and  to  which  only  the 
goriUa,  in  the  ape  tribe,  makes  any  approximation. 

Ko  orang,  chimpansee,  or  gibbon  shows  any  rudiment  of  ifiastoid 
processes  ;  but  they  are  present  in  the  fiforilla,  smaller  indeed  than  in 
man,  but  unniistakeable ;  they  are,  as  in  man,  cellular,  nnd  witli  a  \\\\\\ 
outer  plate  of  bone.  This  fact  led  the  lecturer  to  express,  when  in 
respect  to  the  gorilla,  only  the  skull  had  reached  iiim,  the  following 
inference,  viz. :  **  from  the  nearer  approach  wiiicii  the  gorilla  make*  lo 
man  in  comparison  with  the  chimpanzee,  or  orang,  in  regard  to  the 
mastoid  processes,  that  it  assumed  more  nearly  and  more  habitually 
the  upright  attitude  than  those  inferior  anthropoid  apes  do."  This 
inference  has  been  fully  borne  out  by  the  rest  of  the  skeleton  of  the 
gorilla,  subsequently  acquired. 

Tn  the  ehimpanree,  ns  in  the  orangs,  gibbons,  and  inferior  simitp, 
tlie  lower  surface  of  the  long  tvnipanic  or  auditnrv  process  is  more  or 
le«s  flat  and  smooth,  develoj-inc^  in  the  chimpanzee  only  a  slight 
tul)ercle,  anterior  to  the  styloliyal  pit.  In  the  gorilla  the  auditory 
process  is  more  or  less  convex  below,  and  developes  a  ridge,  answering 
to  the  vaginal  process,  on  the  outer  side  of  the  carotid  canal.  The 
processes  posterior  and  internal  to  the  glenoid  articular  sur&ce,  are 
better  developed,  especially  the  internal  one,  in  the  gorilla  than  in  the 
chimpanzee ;  the  ridge  which  extends  from  the  ectopterygoid  along 
the  inner  border  of  the  foramen  ovale,  terminates  in  the  gorilla  by  an 
angle  or  profv^s  answering  to  that  called  " styliform "  or  "spinous*'  in 
man,  but  of  which  there  is  no  trace  iu  the  chimpanzee,  oraug,  or 
gibbon. 

The  orbits  hav  e  a  lull  oval  fonn  in  the  orang ;  they  are  almost 
circular  ia  the  chimpanzee  and  siamang  ;  more  nearly  circiilar,  and 
with  a  more  prominent  rim  in  the  smaller  gibbons ;  in  the  gorilla 
alone  do  they  present  the  form  which  used  to  be  deemed  peculiar  to 
num.  There  is  not  much  physiological  significance  in  some  of  the 
latter  characters;  but,  on  that  very  account,  the  lecturer  de^nud 
them  more  instructive  and  guiding  in  the  actual  comparison.  The 
occipital  foramen  is  nearer  the  bark  part  of  the  cranium,  and  its  ])1ane 
is  more  sloping,  less  horizontal,  in  the  siamang,  tlcui  in  the  chimpanzee 
and  gorilla.  Considering  the  less  relative  prominence  of  the  fore  part 
of  the  jaws  in  the  sianiang,  as  compared  with  the  chimpanzee,  the 
occipital  character  of  that  gibbon  and  of  other  species  of  lli/lobales 
indicates  well  thdr  inferior  position  in  the  quadrumanous  scale. 

In  the  greater  relative  size  of  the  molars,  compared  witli  the  incisors^ 
the  gorilla  makes  an  important  closer  step  towards  man  than  does  th^ 
chimpanzee,  l^e  molar  teeth  are  relatively  so  small  in  the  siamang, 
that  notwithstanding  the  small  size  of  the  incisors,  the  proportion  of 
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those  teetli  to  the  molar*!  is  only  tlie  same  as  in  the  gorilla  :  in  other 
gibbons  {Hylobates  /«r),  the  four  lower  incisors  occupy  an  extent 
equal  to  thiit  of  the  first  four  molars,  \n  the  chlnqmnzee  equal  to  that 
oi  the  first  three  molars,  in  the  sianiang  equal  to  tiiat  of  the  hrst  two 
molars  and  rather  more  than  half  of  the  third,  in  man  equal  to  the 
fini  tiro  mokxa  and  half  of  the  third :  in  thii  oompariaon  the  term 
molar  ia  applied  to  the  tneiiapida. 

The  proportion  of  the  ascending  ramna  to  the  length  of  the  lower 
jaw  tests  the  relative  affinity  of  the  tailless  apes  to  man. 

In  a  profile  of  the  lowpr  jaw,  compare  the  line  drawn  vertically 
from  the  top  of  the  coronoid  jirocess  to  the  horizontal  length  along 
the  alveoli-  In  man  and  the  gorilla  it  is  about  7-lOths,  in  the  chim- 
panzee &-10Llii>,  in  thesiamang  it  is  only  4-lOths.  Thesiamang  further 
difibn  in  the  shape  and  production  of  the  angle  of  the  jaw,  and  in  the 
shape  of  the  ooronold  process,  approaching  the  lower  simia»  in  both 
these  characters.  In  the  size  of  the  post-glenoid  prooess,  in  the  shape 
of  the  glenoid  cavity  which  is  almost  flat,  in  the  proportional  size  of 
the  petrous  bone,  and  in  the  position  of  the  foramen  caroticum,  the 
siamang  departs  further  from  the  human  type  and  approaches  nearer 
that  of  the  tailed  simie  than  the  gorilla  does,  and  in  a  marked 
degree. 

i£.very  legitimate  deduction  from  a  comparison  of  cranial  characters 
makea  the  tailless  quadnmuma  recede  from  the  human  type  in  the 
following  order^— gorilla,  chimpanaee,  orangs,  gibbons ;  and  the  last^ 
named  in  a  greater  and  more  decided  degree. 

Those  comparisons  liave  of  late  been  inyested  with  additional 
interest  from  the  discoveries  of  remains  of  qoadrumanous  species  in 
differont  members  of  the  tertiary  formntious. 

T!k>  lirst  quadrumanous  fossil,  the  discover)'  of  which  by  Lieuts. 
liaker  and  Durand  is  recorded  in  the  "Journal  of  the  Asiatic 
Society  of  Bengal,"  for  November,  1836,  has  proved  to  belong,  like 
sobseqnently  £scovered  quadrumanous  fosnls  in  the  Sewallk  (pro- 
bably miocene)  tertiaries,  to  the  Indian  genus  SemnopiikeeuB,  The 
quadrumanous  fosrils  discovered  in  1839,  in  the  eocene  deposits  of 
Suffolk,  belong  to  a  genus  {Eopithccus)  having  its  nearest  affinities  with 
Marartis.  The  monkey's  molar  tooth  from  the  pliocene  h^nh  of  Essex 
is  most  closely  allied  to  the  Macacus  sinict/s.  The  remains  of  the  large 
monkey,  4  feet  in  height,  discovered  in  1839  by  Dr.  Lund  in  a  limestone 

( 3     3         3     3  \ 
p  — ^  ,  m  —  ) 
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to  belong  to  the  pktyrrhine  family  now  peculiar  to  South  America* 
The  lower  jaw  and  teeth  of  the  small  quadnimnne  discovered  by  M. 
Lartet  in  a  miocene  bed  of  the  south  of  France,  and  describcfl  by 
him  and  De  Bliunville,  is  so  closely  allied  to  the  gibbons  as  to  saircely 
justify  the  generic  separation  which  has  been  made  for  it  under  the 
name  Pliojtitkt  cus. 

Finally,  a  portion  of  a  lower  jaw  with  teeth  and  the  abaft  of  a  hmnema 
of  a  qoadrumanons  anlnud  {DryopUhems),  eqiuiUing  the  aiie  of  those 
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boiies  in  iikiu,  }iiv\  e  V>een  discovered  by  M.  1  untan,  ol'  Saiut-Gaudeus,  iu 
m  marly  bcnl  of  u])per  luiucene  age,  forming  ttie  base  of  the  plateau  on 
which  that  town  is  tmilt*  The  mcdar  teeth  preaeot  the  t^ye  of  grind* 
ing  surfhoe  of  thoie  of  the  gibbons  (ffjfMMUes),  and  as  in  that  genus 
the  second  true  molar  is  lai^er  tiian  the  ftrst,  not  of  equal  siae,  as  in  the 
human  subject  and  chimpanzee.  The  premolaiB  have  a  greater  antero- 
posterior extent,  relatively,  than  in  tfie  chimpan/e<» ;  and  in  this  respect 
aj^ree  more  with  those  in  tiie  sianianpr.  1  he  Wrst  premolar  has  the 
outer  cusp  raised  to  double  ilie  h(  iglit  ot  iliat  ol  tiie  second  ;  its  inner 
lobe  appears  from  M.  Lartet's  tiguif  to  be  less  developed  than  in  the 
gorilla,  certaitdy  than  iu  the  chimpanzee.  Xhe  po^iterior  talon  oi* 
the  second  premolar  Is  more  developed,  and  consequently  the  fore  and 
aft  extent  of  the  tooth  is  greater  than  in  the  chimpanzee ;  thereby  the 
second  premolar  of  Drt/ojnikecm  more  resembles  that  in  HykiaUt^ 
and  departs  further  from  the  human  type. 

The  canine,  judging  from  the  figures  published  by  M*  Lartei*^ 
seems  to  be  less  developed  than  in  the  male  chimpanzee,  gorilla,  or 
orang.  In  which  character  tlip  fossil,  if  it  bolonged  to  a  male,  makea 
a  nearer  approach  to  tlie  human  type ;  but  it  is  one  which  many  ot  tiie 
interior  monkeys  also  exhibit,  and  is  by  no  means  to  be  trusted  as 
signiiicant  of  true  affinity,  supposing  even  the  sex  of  the  fossil  to  be 
known  as  being  male. 

llie  slwit  of  the  hnmerus^  found  with  the  jaw,  is  peculuurly  roooded, 
as  it  is  in  the  gibbons  and  sloths,  and  offers  none  of  these  angularities 
and  ridges  which  make  the  same  bone  in  the  chimpanzee  and  oiang 
come  so  much  nearer  in  sh.i]>e  to  the  humerus  of  the  human  subject* 
The  fore  part  of  the  jaw,  as  in  the  siamang,  is  more  nearly  vertical  than 
in  the  gorilla  or  eirmii-an/ee,  but  whether  tiie  ])aek  part  of  the  jaw  may 
not  have  departed  in  a  pri  ater  degree  from  the  human  type  tiian  the 
fore  part  approaches  it.  as  i>^the  ease  in  tlie  siamang,  the  state  ot  il»e 
fossil  does  not  allow  of  determuiing.  One  significant  character  is,  how- 
ever, present, — the  shape  of  the  fore-part  of  the  coronoid  process.  It 
is  slightly  convex  forwards,  which  causes  the  angle  it  forms  with  the 
alveolar  border  to  be  less  open.  The  same  character  is  present  in 
the  gibbons.  The  fore  part  of  the  lower  half  of  the  coronoid  process 
ill  man  is  concave,  as  it  is  likewise  in  the  gorilla  and  chimpam^e.  I 
am  acquainted  wirh  titis  interesting  fossil,  referred  to  a  genus  called 
Dry  pith  reus  ^  only  by  tlie  figures  publislied  in  the  43rd  volume  of  the 
(-'oiitpti's  R'^ftthf^  (h>  V Arful*' iniv  des  Sficnrcs.  From  tliese  it  njipears 
that  tlie  caniiu  .  two  premolars,  and  first  and  second  true  molars  are  iu 
place.  The  socket  of  the  third  molar  is  empty,  but  widely  open  above  ; 
from  which  I  conclude  that  the  third  molar  had  also  cut  the  ffuro,  the 
«  mrown  being  completed,  but  not  the  fangs.  If  the  last  molar  had  existed 
as  a  mere  germ,  it  would  have  been  preserved  in  the  subi^ceof  the  jaw* 

In  a  young  siamang,  with  the  points  of  the  permanent  canines  just 
protruding  from  the  socket,  the  crown  of  the  last  molar  is  complete, 
and  on  a  mvel  with  the  base  of  that  of  the  penultimate  molar,  whenoe 


^  Cooiptfls  Bendus  de  le'Acad^mis  dcs  Sciences,  Paris,  vol.  43. 
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I  iijftT  that  the  last  mohir  would  have  cut  the  gum  as  Foon  as,  if  not 
before,  the  crown  of  the  canine  had  been  completely  extricated.  This 
dental  character,  the  confonualion  and  relative  size  of  the  grind lug 
teeth,  especially  the  ibre-atid*«ft  extent  of  the  prenolare,  all  indicate 
the  dote  sffiohy  of  the  Dryopitheeu$  with  the  PHopiikeeiu  and  exist* 
mg  gibboofl ;  and  tlua,  the  sole  legitimate  deduction  £iom  the  maxillary 
and  dental  fossiU^  is  corroborated  by  the  foesil  humenu,  fig.  9,  in  the 
l^ve-cited  plate. 

'JluTe  is  no  law  of  rorrclation  by  which,  from  tho  portion  of 
jaw  with  teeth  of  the  IJryopUltecus^  can  be  deduced  the  shape  of 
the  nasal  bones  and  orbits,  the  position  and  plane  of  the  occipital 
^ramen,  the  presence  of  mastoid  and  \  a^iual  processes,  or  other  cranial 
characters  determinative  of  affinity  to  man ;  mnch  less  any  groimd  for 
inferring  the  proportions  «^  the  upper  to  the  lower  limbs,  of  the  hume- 
rus to  the  ulna,  of  the  poUex  to  Uie  manos,  or  the  shape  and  develop- 
ment of  the  iliac  bones.    All  those  characters  which  do  determine  the 
closer  n^*^mblancc  and  affinity  of  the  jjenus  Troglodytes  to  man,  and 
of  the  j]^enus  Hylohnfrs  to  the  tailed  monkeys,  are  at  present  unknown 
in  respect  of  the  DryopUhecus.    A  glance  at  fig.  5  (  Gorilla),  and  fig.  7 
(Dryopitht  t       of  the  plate  of  M.  Lartet's  memoir,  would  suffice  to 
teach  their  difierenoe  of  bulk,  the  gorilla  being  fully  one-third  larger. 
The  statement  that  the  parts  of  the  skeleton  of  the  DryopUkeetu  as 
yet  known,  vis,,  the  two  branches  of  tiie  lower  jaw  and  the  humerus, 
are  imfficMnt  to  show  that  in  anatomical  structure,  as  well  as  stature, 
it  came  nearer  to  roan  than  any  quadrumanous  species,  living  or  fossil, 
before  known  to  zoologists*,"  is  without  the  support  of  any  adequate 
fart,  and  in  contravention  of  most  of  those  to  be  deduced  from  M. 
Lartet's  figures  of  the  fossils.    'l'hoi>e  parts  of  the  Dt ya/ztf/u'vus  mcrt'lv 
show — and  the  humerui>  in  a  striking  manner — it^  nearer  approach  to 
the  gibbons.   The  most  probable  conjecture  being  that  it  bore  to  them, 
in  regard  to  size,  the  like  relations  which  Dr.  Land's  ProUpiiheetu 
bore  to  the  existing  Mgeeiet*   Whether,  therefore,  strata  of  such  high 
antiquity  as  the  mloccne  may  reveal  to  us    forms  in  any  degree  inter- 
mediate between  the  chimpanzee  and  man'*  awaits  an  answer  from  dis- 
coveries yet  to  be  made  ;  and  thv  ruiticipation  that  the  fossil  world 
*•  mav  hpr(';«ffer  su{>])l V  new  ostcoiogical  links  between  man  ami  the 
highest  knn;vii  ( p uu Irii niana may  be  kept  in  abeyance  until  that  world 
has  furui^lied  un  with  tlic  proofs  that  a  species  did  formerly  exist  which 
came  as  near  to  man  aa  does  the  orang,  the  chimpanzee,  or  the  gorilla. 

Of  the  nature  and  habits  of  the  last-named  species,  which  really 
ofl^  the  nearest  approach  to  man  of  any  known  ape,  recent  or  fossil, 
the  lecturer  had  received  many  statements  from  individuals  resident  at 
or  visitors  to  the  Gaboon,  from  which  he  selected  the  following  as  mort 
probable,  or  least  (jnestionabh'.  • 
(W>rilla-land  is  a  riciily  woothd  *\t(Mit  of  the  western  part  of  Africa, 
traven^ed  by  the  riveiN  1  )anger  uud  l).J)oon,  and  extending  from  the 


*  Sir  Chas.  Lyctl,  buppicmeut  to  the  Fifth  Edition,  of  Maniml  of  Eiemeotary 
Geology,  Svo.,  1859,  p.  14. 
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equator  to  the  lOth  or  15t]i  degree  of  mth  latitude.  The  pari  where 

the  gorilla  has  been  most  frequently  met  with  presents  a  sucoesiion  of 
hill  and  dale,  the  heights  crowned  with  lofty  trees,  the  valleyB  covered 
by  coarse  grass,  with  partial  scrub  or  scattered  simibs.  Fruit  trees  of 
various  kinds  abound  both  on  the  h^W'i  aud  in  the  valleys;  some  tliat 
are  crude  and  uncared  for  by  the  \w'j:v^m'<,  are  sought  out  and  ^'reedily 
eaten  by  the  gorillas,  and  as  dilteieiit  kinds  come  to  maturity  at  different 
seasons,  tliey  aftbrd  the  great  denizen  of  the  woods  a  successive  and 
on&iling  supply  of  these  indigenooa  fruit  trees.  Professor  Owen  spe- 
cified the  followiog > 

The  palra-nat  (Slats  gnmiensis)  of  which  the  gorillas  greatly  aflbct 
the  fruit  and  upper  part  of  the  stipe,  called  the  "  cabbage."  The  negroes 
of  the  Gaboon  have  n  tnidition  tbfit  tlieir  forefathers  first  leanif  to  cat 
the  ''cabbn:re/'  from  ser  in;::  the  gorilla  ^tit,  coucluding  that  what  was 
good  fur  him  must  be  good  for  roan. 

The  "ginger-bread  tree"  (Parinarium  exceUum)^  wiiich  bears  a 
plum-like  fruit. 

The  papao  tree  {Coriea  papaya). 

The  banana  {Muia  wpimUMm)^  and  anoAer  species  {Mma  pam* 

The  Amomum  Afzelii  and  Am.  grandiflorum. 

A  tree,  with  a  shelled  frtn't,  like  a  walnut,  which  the  gorilla  breaka 

Ojpen  with  tlie  blow  of  a  stone. 

A  tree,  also  botanically  unknown,  with  a  fruit  like  a  cherry. 

Such  Iruity  and  otiier  ricli  and  nutritious  produetions  of  the  vege- 
table kingdom,  coDStitute  the  staple  food  of  the  gorilla,  as  they  do  of 
the  chimpanaee.  The  molar  teedi,  whleh  alone  tinilj  indicate  the  diet 
of  an  animal,  accord  with  the  statements  as  to  the  frugivorous  eharao- 
ter  of  the  gorilla :  but  they  also  sufficiently  answer  to  an  omnivorous 
habit  to  suggest  that  the  eggs  and  callow  brood  of  nests  discovered  in 
the  trees  frequented  by  the  gorilla  might  not  be  unaccept;\}tle. 

The  gorilla  makes  a  sleeping  ]il;ice  like  a  hammock,  t  unnecting  the 
branches  of  a  sheltered  and  thickly  leaved  part  of  a  tree  by  means  of 
the  long  tough  slender  stems  of  parasitic  plants,  and  lining  it  with  liie 
broad  dried  fronds  of  palms^  or  with  long  grass.  This  hammock-like 
abode  may  be  seen  at  different  heights,  from  10  feet  to  40  feet  from  the 
ground)  but  there  is  never  more  than  one  such  nest  in  a  tree. 

They  avoid  the  abodes  of  man,  but  are  most  commonly  sera  in  the 
months  of  September,  October,  and  November,  aft<  r  tlie  negroes  have 
patliored  t1i»Mr  outlying  rice  crojis,  and  have  returned  from  the  "  bush" 
to  the  village.  JSo  observed,  tliey  are  described  to  be  usually  in  j)airs; 
or,  if  more,  the  addition  consist.s  of  a  lew  young  oties,  of  ditierent 
gges,  and  apparently  of  one  family.  Tiie  gorilla  is  not  gregarious.  Tiie 
parents  may  be  seen  sitting  on  a  branch,  resting  the  back  against  the 
ttee*trunk— the  hair  being  generally  rubbed  off  the  back  of  the  old 
gorilla  from  that  habit — jieriiaps  munching  their  fruits,  whilst  the 
young  gorillas  are  at  play,  leaping  and  swinging  from  branch  to  branch, 
with  hoots  or  harsh  cries  of  boisterous  mirth. 

If  the  old  male  be  secu  alone,  or  when  in  quest  of  ibod,  iie  is 
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usually  armcxl  witli  n  stout  stick,  which  thp  ne^i^rops  aver  to  bo  the 
weapon  witli  which  he  attacks  his  chief  enemy  the  elepluuit.  Nnt  that 
the  elephaut  directly  or  intentionally  injures  the  gorilla,  but,  deri\ itig  its 
subsistence  from  the  same  substances,  the  ape  regards  the  great  probosci- 
dian as  a  hostile  intruder.  When  therefore  he  discerns  the  elephant 
paUiDg  down  and  wrenching  off  the  hranches  of  a  &Tourite  tree,  the 
gorilla,  atealing  along  the  bough,  strikes  the  sensitiTe  proboscis  of  the 
Sephant  with  a  violent  blow  of  his  club,  and  drivei  off  die  atartled  giant 
trumpeting  shrilly  with  rage  and  pain. 

Tu  pnssing  from  one  detiiched  tree  to  another  the  gorilla  is  said  to 
walk  scini-cnx't,  with  the  nid  of  his  club,  but  with  a  waddling  iiwkward 
pait  ;  when  without  a  slick,  he  has  bavn  seen  to  walk  as  a  biped,  with 
his  liauds  clasped  acro^  the  back  of  his  head,  instinctively  so  counter- 
poising its  forward  projection.    If  the  gorilla  be  surprised  and  ap* 
proaehed  while  on  the  ground,  he  drops  his  stick,  betues  himself  to 
ail-foore,  applving  the'oack  part  of  the  bent  knucUes  of  his  fore-hands 
to  the  grouna,  and  makes  his  way  rapidly,  with  an  oblique  swinging 
kind  of  gallop,  to  the  nearest  tree.    Tiiere  he  awaits  his  pursuer^ 
especially  if  his  family  be  ne;ir,  and  requiring  his  defence.    No  negro 
willingly  approaches  the  tri  e  in  \s  liich  the  male  porilla  keeps  guard. 
Kven  with  a  gun  the  negro  does  not  make  the  atiack,  but  reserves  his 
fire  in  self-defence.    The  enroitv  ui  the  gorilla  to  the  whole  negro 
race,  male  and  female,  is  uniformly  testified  to.  The  yoong  men  of  the 
Gabfoon  tribe  make  anned  ezcnrrions  Into  the  forests,  in  quest  of  ivory. 
The  enemy  they  most  dread  on  these  occasions  is  the  gorilla.  If  they  have 
come  unawares  too  near  him  with  his  family,  he  does  not,  like  the  lion, 
sulkily  retreat,  but  comes  rapidly  to  the  attack,  swinging  down  to  the 
lower  branches,  and  clutching  at  the  nearest  for.    The  hideous  j!«;j>ect 
of  the  animal,  with  his  green  eyes  flashnig  with  r:i^e,  is  iieiglitened  by 
the  skin  over  the  prominent  roof  of  the  orbits  being  drawn  raj)idly 
backward  and  forward,  the  hair  erected,  and  causing  a  horrible  and 
flendidi  scowl.  If  fired  at  and  not  mortally  hit,  the  gorilla  closes  at 
once  upon  his  assailant  and  inflicts  most  dangerous,  if  not  deadly, 
wounds  with  his  sharp  and  powerfoltuska.   The  commander  of  a  Bristol 
trader  told  the  lecturer  he  had  seen  a  negro  at  the  Gaboon  frightfully 
mntihite^l  by  the  bite  of  the  gorilla,  from  which  he  had  r»'<'(>vprod. 
Another  negro  exhibited  to  the  siime  voyager  a  gun-barrel  bent  and 
partly  flattened  by  the  bite  of  a  wounded  gorilla,  in  its  death -j?truggle. 
Negroes  when  stealing  through  the  glutuny  shades  of  the  tropiciil  forest 
become  sometimes  aware  of  the  proximity  of  one  of  these  frightfully 
formidable  apes  by  the  sodden  disappearance  of  one  of  their  com- 
panions, who  u  luristed  up  into  the  tree,  uttering,  perhaps,  a  short 
choking  cry*   In  a  few  minutes  he  falls  to  the  ground  a  strangled 
corpse.   The  gorilla,  watching  his  opportunity,  has  let  down  his  hoge 
hind-hand,  seized  the  passing  ne<:r(>  by  the  neck,  with  vice-like  grip, 
Ims  drnwn  h\m  up  to  higher  branches,  and  dropped  him  when  his 
struggles  had  ceased. 

The  strength  of  the  gorilla  is  such  as  to  make  hiui  a  inaich  for  a 
lion,  who^  tusks  his  own  alnioi^t  rival.    Over  the  leopard,  invading 
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the  lover  Immches  of  the  gorilla^s  dweUing  tree,  he  wilt  gain  an  easier 
victory ;  and  the  Loge  canines,  with  wluch  only  the  male  gorilla  is 
furnished,  doubtless  liave  been  aasigned  to  liim  for  defending  liis  mate 
and  offspring. 

The  skeleton  of  the  old  male  gorilla  obtained  for  the  British 
J^riisoum  in  1857,  shows  an  extensive  fracture,  badly  united,  of  the  left 
arm-bone,  which  has  been  shortened,  and  gives  evidence  of  long 
suffering  from  abscess  and  partial  exioliation  of  btniL'.  The  upper 
canines  have  been  wrenched  out  or  shed,  some  time  before  death,  for 
their  sockets  have  become  absorbed. 

The  redeeming  quality  in  this  fragmentary  history  of  the  gorilla  is 
the  male*s  care  of  his  fiunily,  and  the  female's  devotion  to  her  young. 

It  is  reported  tliat  a  fYenchnatural-history  ooUector,  accompanying 
a  parfy  of  the  Gaboon  negroes  into  the  gorilla  woods,  surprised  a 
female  with  two  voimqr  ones  on  a  larjre  bo:ibd;ul  (Adanson'xt),  wliich 
Stood  some  distance  from  the  nearest  ciuuip.  She  descended  tiie  tree, 
witli  iier  youngest  clinging  to  her  neck,  and  made  off  rapidly  on  all 
fours  to  the  forest,  and  escaped.  The  deserted  young  one  on  seeing 
the  approach  of  the  men  began  to  utter  piercing  cries :  the  mother, 
having  disposed  of  her  infimt  in  safety,  returned  to  rescue  the  older 
ol&pring,  but  before  she  could  descend  with  it  her  retreat  was  cut  o£ 
Seeing  one  of  the  negroes  level  his  musket  at  her,  she,  clasping  her 
young  with  one  arm,  waved  the  other,  as  if  deprecating  the  shot; 
the  ball  passed  through  her  heart,  and  she  fell  with  her  young  one 
cl!ngjTi<r  to  lier.  It  was  a  male,  and  survived  the  voyage  to  llavre, 
where  it  died  on  arriving.  Professor  Owen  had  e\:uiiiiie(i  the  skeleton 
of  tills  young  gorilla  in  the  museum  of  natural  history  at  Caen,  and 
was  indebted  to  Professor  Deslongchamps,  Dean  of  the  Faculty  of 
Sciences  in  that  town,  for  drawings  of  this  rare  specimen. 

There  might  be  more  difficiUty  in  obtaining  a  young  gorilla  for 
eihibition  than  a  young  chimpanzee.  But  as  no  full-grown  chimpanzee 
has  ever  been  captured,  we  cannot  expect  the  larger  and  much  more 
powerful  adult  gorilla  to  be  ever  taken  alive. 

A  bold  negro,  the  leader  of  an  elephant-hunting  expedition,  being 
offered  a  hiiudred  dollars  if  lie  would  bring  bark  a  live  gorilla,  re]»lied. 
If  you  g4ve  me  tiie  weight  of  yonder  hill  in  gold  cuius,  1  could  uot 
do  it ! 

All  the  terms  of  the  aborigines  in  reference  to  the  gorilla  imply 
their  opinion  of  his  close  iunship  to  themselves.  But  they  have  a  low 
opinion  of  his  intelligence.  They  say  that  during  the  rainy  season  he 
builds  a  house  without  a  roof.  The  natives  on  their  hunting  ex- 
cursions light  fires  for  their  comfort  and  protection  by  night ;  when 
they  iiave  gone  away,  they  affirm  that  the  gorilla  will  come  down  and 
warm  himself  at  the  smouldering  embers,  but  has  not  wit  enough  to 
throw  on  more  wood,  out  of  the  surrounding  abundance,  to  keep  the 
fire  bnrfiing, — "  the  stuj^id  old  man  !  " 

Kvery  account  of  the  habits  of  a  wild  animal  obtained  at  second 
hand  froui  the  reports  of  aborigines  has  its  proportion  of  "  apocrypha." 
The  lecturer  had  restricted  iumself  to  rhe  statements  that  had  most 
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probnbility  and  were  in  acco^(!^^nce  with  the  ascertained  structures  and 
powers  of  the  aniraal,  and  would  only  add  the  averment  and  belief  of 
tlie  rraboon  negroes  that  when  a  gorilla  dies,  his  fellows  cover  the 
corpse  with  a  iieap  of  leaves  and  loose  earth  collected  aud  scraped  up 
for  the  purpose. 

A  ino8t  singular  phenomenon  in  natoial  history,  if  one  reflects  on 
the  relations  of  thio^,  is  this  gorilla  I  Limited  as  it  is  in  its  numbers 
and  geographical  range,  one  discerns  that  the  very  peculiar  conditions 
of  its  existence — abundance  of  wild  fruit — needs  must  be  restricted  in 
space;  but,  oonciirring  in  a  certain  part  of  Africa,  there  lives  the 
creature  to  enjoy  tliem. 

The  like  conditions  exist  in  BoriK  o  and  Sumatra,  and  there  also  a 
correlative  human-like  ape,  of  similar  stature,  tooth*armour,  and  force, 
exisis  at  thdr  expense.  Keither  onrangs  nor  gorillas,  however,  minister 
to  man's  use  dhrecdy  or  indirectly.  Were  they  to  become  extinct, 
DO  sign  of  the  change  or  break  in  the  links  of  life  would  remain. 
What  may  be  their  real  significance? 

Reverting  finally  to  the  ancient  notices  which  might  relate  to  the 
great  anthropoid  ape  of  Africa,  Prof.  Owen  referred  to  his  first  ^lemoir, 
of  Fehruan,-,  1848.  in  which  was  quoted  {  Trans.  Zoffl.  «SV>r  .  vol.  iii, 
p.  418).  l)r,  i'alconer's  Triuuslalion  of  tfir  Vo>/(/ye  oj  /lan/io,  {Li)\i{U)n^ 
1797,)  with  his  Dissertation  vindicating  the  authenticity  of  the  ''i'eii- 
plus."  Professor  Owen  had  lately  Men  favoured  by  the  venerable 
Bishop  Maltby,  the  first  amongst  our  Greek  scholars,  with  the  follow- 
ing translation  of  the  itassage  supposed  to  allude  to  the  species  in 
question  : — "  On  the  third  day,  having  sailed  from  thence,  passing  the 
streams  of  fire,  we  came  to  a  bay  called  the  Horn  of  the  South. 
In  thf  rf'coss  there  was  an  isilaiid  like  the  first,  havinj^  a  lake,  and  in 
this  there  wjis  another  island  full  of  wild  men.  But  much  the  greater 
part  of  them  were  women,  with  hairy  bodicsi,  whom  the  interpreters 
called  *  gorillas.'  But,  pursuing  them,  we  were  not  able  to  take  the 
men;  they  all  escaped,  being  able  to  climb  the  precipices,  and 
defended  tliemselves  with  pieces  of  rock.  But  three  women  (females), 
who  bit  and  scratched  tliose  who  led  them,  were  not  willing  to  follow. 
However,  having  killed  them,  we  flayed  them,  and  conveyed  the  skins 
to  Carthage.  For  wo  did  not  sail  any  further,  as  provisions  begfiti  to 
fiiil."  This  encounter  indicates,  therefore,  tlve  southernmost  point  ou 
the  west  coiist  of  Africa  reached  by  the  Cartliagiiiian  navigator. 

To  tiie  inquiry  by  Bishop  Aialiby,  iiow  far  the  newly-discovered 
greal  ape  of  Africa  bore  upon  the  question  of  the  authraticity  of  the 
Periplus,  Prof.  Owen  had  replied : — The  size  and  form  of  the  great 
ape,  now  called  *•  gorills,'  would  suggest  to  Planno  and  his  crew  no 
'  other  idea  of  its  nature  than  that  of  a  kind  of  human  being ;  but  the 
climbing  faculty,  the  hairy  body,  and  the  skinning  of  the  dead  speci- 
mens, stronijly  suggest  that  tliey  were  large  anthropoid  apes.  The  fact 
tliat  such  apes,  having  the  closest  observed  resemblance  to  the  negro, 
being  of  human  stature  and  with  hairy  bodies,  do  still  exist  on  the  west 
coast  ol  Africa,  renders  it  highly  probable  that  such  were  the  creatures 
whieh  Hanno  saw,  captured,  and  called  *  Gorollai.'' 
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The  brief  observation  made  b)-  Jiaiiell  in  west  tropical  Africa, 
1590,  recorded  in  PurdiaB's  ^  Pilgrimages,  or  Belatloiit  or  the  World/* 
1748,  of  the  nature  and  habits  of  the  large  haman^like  ape  which  he 
calls  ^  pongo,"  more  decidedly  refers  to  the  gorilla.  Other  noticeB,  wm 
by  NiercMiiberg  and  Bosman,  applied  by  BuifoQ  to  BattelUs  pongo, 
were  deemed  valueless  by  Cuvier,  who  altogether  rejected  the  conclu- 
sions of  his  great  predecessor  as  to  the  existence  of  any  such  ape. 
"  This  name  of  pongo  or  boggo,  given  in  Africa  to  the  chimpanzee  or 
to  the  mandril,  has  been  applied,"  writes  Cuvier,  "by  Buffon  to  a  pre- 
tended great  species  of  ourang-utan,  which  was  nothing  more  than  the 
imaginaiy  moduct  of  his  oomlnnatioDs."  After  the  publication  of 
Covier's  **R%gne  Animal/'  the  supposed  species  iras,  by  the  high 
authority  of  its  author,  banished  from  natural  history;  it  has  only 
been  authentically  reintroduced  since  the  intelligent  attention  of  Dr* 
Savage  wa?;  directed  to  the  skull  which  he  lirst  saw  at  the  Gaboon  in 
1847,  and  took  Professor  Owen's  opinion  upon. 

[The  above  lecture  was  illustrated  by  life-size  drawings  of  Ui<i 

gorilla  and  chimpanzee,  executed  with  characteristic  accuracy  and 
vifrour  hy  Mr.  Joseph  Wolf;  also  by  di.Mo;ranis  of  the  skeletons  of  the 
auiiiropoid  apes  and  man,  by  Messrs.  bcharl  and  Erxleben.] 

[R.  o.] 


GENERAL  MONTHLY  MEETING, 

Monday,  February  7,  1859. 

WujjAU  Pole,  Esci.  M.A.  F.R.8.  Treasurer  and  Vicc-rresident, 

in  the  Ciiair. 

The  Earl  of  Ashbumham, 
Joiiu  Derby  Allcroft,  Esq. 

Capt.  Augustus  T.  Ilamiltony  and 
Mrs.  M.  A.  Newman  Smith. 

were  duly  elected  Members  of  tUe*Royal  lustituUon. 

George  F.  Chambers,  Esq. 
was  admUUd  a  Member  of  the  Royal  Institution. 

The  following  Presents  were  announced,  and  the  thanks  of  the 
Members  returned  for  the  same 

Fhom 

India  Ofiice:  Commit  tee  ^  Finance,  8fc. — Catalogue  of  Lepidopterous  Insects  ia 
the  Mnteum  of  the  East  India  Company.  By  T.  HonSeid  and  F.  Moore. 
Vol.1.  Bvo.  1857. 
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The  Journal  of  Gas-Lighting  for  Dec  1858  and  Jan.  1859.  4to. 

The  Mechaniti^  Macasme  Ibr  Dee.  tS58  and  Jan.  1859.  4to.' 

The  Athemenm  for  Dec.  1S58  and  Jan.  1859.  4tOb 

The  En^ueer  for  Dec.  ISfi?  nn  !  Jan.  1859.  foL 

The  Artizan  for  Dec.  185b  aud  Jan.  1859.  4to. 
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tianday,  TroftgM.r,  D.C.L.  FM.S.  (the  ^a<Aor>— Esperimeiilal  BeaeaMhei  in 
Chemiatnr  and  Physics.   8vo.  1859. 

Brfpertoiie  de  Chhuie,  par  C.  Barrawil  et  A.  Wurts.  Nos.  1-4.    8vo.  Paris. 
1858-9. 
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WEEKLY  EVENING  MEETING, 
Friday,  February  11,  1859* 

WiLUAM  RoBBBT  Grovx,  Esq.  M.A.  Q.C.  F.B.S  Yice-FKudent, 

in  the  Cfaur. 

Edmund  Bxckett  Djuvisoh,  Eaq^  M.A.  Q.C.  M.B.I. 

On  §ome  of  the  Gnumds  of  Dinatitfaeiion  unih  Modem  Geihic 

Arehitecture.^ 

It  18  an  odd  coincidence  that  the  House  of  CommoDS  haB  already  been 
engaged  this  evening  in  listening  tp  some  lectures  on  the  same  subject 
as  we  are  going  to  considt  r  here.  For  Lord  Paluierston,  Sir  Benjamin 
TTall.  and  a  few  other  geiitlpmon,  have  been  expressing  their  dissatis- 
factioit  with  Gotliic  architecture,  aiid  assuring^  the  House  that  it  is 
essentially  gloomy,  awkward,  barbarous,  expensive,  and  altogether  in- 
capable of  meeting  the  wants  of  this  enlightened  age,  and  the  clerks 
of  the  Foreign  Office.  One  would  almost  fancy  that  we  were  put 
back  a  oonple  of  centuries,  and  listening  again  to  die  kind  of  descrip- 
tioQ  which  used  to  be  given  of  the  Gothic  style  by  the  leaders  cf 
the  public  taste  in  the  days  of  the  Ivestoration,  wlieu  all  Gothic  art 
was  supposed  to  be  dead  and  buried  far  too  deep  for  any  chance  of 
revival.  This  is  the  character  whicli  tlie  once  celebrated  John  Evelyn, 
who  was  one  of  the  Connnissiouers  for  rebuilding  St.  PanTs  cathedral, 
gave  in  his  treatise  On  Architeclurc  and  Architcctfi  to  tlio  stylo  of  nil 
the  great  cathedrals  of  the  world  except  his  own  and  its  piuiotype  at 
Home,  He  calls  it  'a  certain  fantastical  and  licentious  manner  of 
*  building,  introduced  by  the  Goths  and  Vandals  and  other  barbarous 
'  nations,  who  demolished  the  glorious  Roman  empire  with  its  stately 


*  1  do  not  f«e  how  to  comply  witli  the  nnmcrous  rtpplii-atious  1  liave  had  for  a 
rep<»t  of  this  lecture,  except  by  writing  a  fuller  version  ut  it  than  the  usiudal)stiact ; 
for  an  abitxset  of  a  leetnre  on  •  aatjeet  of  this  kind  wonld  be  almost  unresdaiae, 
and  therefore  of  do  use.  As  it  was  not  written  beforehand,  and  I  do  not  profess  to 
r<?metn1»fr  accniately  what  I  said,  I  can  only  use  the  notes  from  Mhich  it  was  given 
as  ao  outiiDc  to  be  filled  up,  as  if  I  were  writing  the  lecture  for  delivery.  iM> 
long  ss  it  is  sabstantially  the  same,  it  cannot  signify  to  anybody  who  basfd— or  did 
not  hear  it,  whether  the  words  ar*  idt  utioal  or  not.  In  some  parts  they  certainly 
are  not,  because  I  was  obliged  to  hurry  over  some  branches  of  the  subject  for  fear 
of  exceeding  the  usual  time  unreasonably.  Of  cour>e  the  Koyal  lustilutiou  is  not 
raqwPBible  for  my  opinions ;  and  it  must  be  remembered  that  Arehiteotnre  is  in 
these  days  an  eniaently  ooirtnif«nial  subject.-^ E.  B.  U, 
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*tnd  pompoQt  monuiiientB,  and  filled  not  Europe  only^  bat  Asia  and 

*  Africa  also^  with  mountains  of  stone,  vast  and  gigantio  buildinga 

*  iiidet^,  but  not  worthy  of  the  name  of  architecture,  congestions  of 
Mark,  heavy,  melancholy,  and  monkish  piles,  [Lord  Palmerstou's  view 
*of  Gothic  alni(i>t  verbatim]  without  any  ju»*t  proportion,  use,  or 
'beauty,  compared  with  the  truly  autient  ;  so  as,  when  we  imet  with 
*the  gr^test  industry  and  expeuiiive  Ciirving,  tull  ol  iret  and  lament- 
'able  imagery,  sparing  neither  of  pains  nor  cost,  a  judi^na  spectator 

*  is  rather  diiiiaGted  or  quite  confounded  than  touched  with  that  admi- 
'  ration  which  results  from  the  true  and  just  sympathy,  regular  piopor- 
'  tions,  unioQ^  and  disposition,  and  from  the  great  and  noble  manner  in 

*  which  the  august  and  glorious  fabrics  of  the  antients  were  executed 
with  more  noTi^^enne  of  the  same  kind,  to  winch  other  similar  nonsense 
fifoni  other  writers  of  the  two  last  centuries  might  easily  be  added. 

liesiJes  adopting  this  enlightened  view  of  the  nature  of  Gothic 
huildiag,  L.uiti  i'almerstou  ha^  been  kind  enough  to  furnish  us  with 
a  ftw  toleraUj  conclusive  measures  of  his  own  arddteetnral  taate  and 
knowledge  <^the  busmess  he  has  been  talking  about.  First  of  all  it 
appears,  that "  Pall  Mall,  with  aU  its  magnificent  dubs,  each  one 
handsomer  than  the  other"  (whatever  that  piece  of  oratory  means)  is 
his  Ideal  of  a  street  of  palaces such  as  he  would  like  to  see  extended 
from  the  end  of  Whitehall  to  the  precincts  of  the  Abbey.  Then,  as 
for  tlie  Abbey  itself,  he  has  no  hesitition  in  pronouncing  that  (he  does 
not  say  whether  lie  means  Sir  Christopher  Wren's  monstrifications  of 
it,  or  the  originid  work— perhaps  he  would  be  rather  puzzled  to  dU- 
tiusnish  them)  quite  inferior  to  St.  Paul's.  And  by  way  of  a  light 
and  dieerftil  model  for  a  set  of  Government  Offices^  with  no  dark 
paamgesi  and  windows  adapted  for  letting  in  the  utmost  quantity  of 
light,  and  a  refined  and  lively  style  of  decoration,  Somerset  House 
h  the  thin^;  '*he  will  venture  to  say  that  is  much  hnndsomer  t}\nn 
the  Houses  of  i'urliainent."  As  there  is  no  resemljlaiiee  lietweeu 
thf  stylo  of  the  iioujjes  of  Parliament  and  any  of  the  prize  Ciothic 
plans  for  the  Foreign  Office,  that  comparison,  at  any  rate,  is  not 
moeh  to  the  purpose.  Indeed,  it  is  only  fair  to  Sir  Charles  Barry 
te  remember,  that  the  style  prescribed  for  his  building  was  the  latest 
and  went  of  all  the  Gothic  styles ;  and  moreover,  that  it  was  designed 
nearly  a  quarter  of  a  century  aflo,  almost  in  the  infancy  of  the  Gothic 
revival,  when  there  was  scaro^  anything  designed  which  its  authors 
vouhJ  not  be  n<?hamed  of  now.  The  comparison  l>etween  the  two 
metropolitan  catludmls,  even  if  Lord  Psilmerston's  opinion  of  them 
was  grenerall)  agreed  with,  is  of  a  j^ill  less  practical  character,  inas- 
tuuch  HH  the  architects  are  neither  of  them  likely  to  be  candidates 
far  employment  on  the  New  Offices.  If  they  were,  I  am  inclined  to 
ibiak  that  yery  few  people,  except  Lord  Palmerston,  Mr«  Coningham, 
sad  Kr.  Tite,  would  hesitate  about  calling  op  the  unknown  bnilden 
ef  the  Abbey,  or  any  of  our  old  cathedrals,  in  preference  to  the 
architect  of  St.  Paul's,  Temple  Bar,  and  St.  James's,  in  Piccadilly,  or 
e?en  to  Sir  Williiim  Cliambers,  of  Somerset  House. 

The  two  architectural  potentates  of  the  late  Goveniuieut  seem  to 
Vol.  hi.   (No.  29.)  J> 
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Iuiv9  agreed  to  compose  a  little  difference  which  th^  led  unsettled 

a  year  ago  a^out  this  Publii-  Offico  biKH!(»s«j,  over  t!ie  dead  body 
of  Mr.  Scott  and  (.iotliic  arcldtectiirL'.  Alter  some  vain  struggles  by 
his  late  colleagues  to  deny  that  they  did  leave  the  matter  "  in  a  dead 
lock/'  Sir  li.  liall  resisting  that  pleasant  job  of  his  superiors  for 
setting  aside  all  the  Westminster  Hall  prize-men  together  in  favour  ui* 
a  gentleman  who  was  assomed  to  be  architect  to  &e  Government  by 
divine  right  or  Bpedal  appointment.  Lord  Palmersfon  boldly  took  the 
bull  by  the  homs^  pushed  Ids  defenders  aside,  and  declared  that  it  waa 
all  perfectly  true,  that  he  did  want  to  employ  Mr.  Pennethonie,  and 
tliat  ho  did  so  because  he  thought  his  plan  the  best  adaj)ted  to  the 
re(iuirements  of  the  case;  and  that  be  still  retained  that  opinion." 
Well,  so  much  at  any  rate  for  the  pretence  of  objecting  to  the  choice 
of  an  architect  or  a  design  because  it  did  not  get  the  first  prize — or 
rather  the  second  ;  for  it  is  another  peculiarity  of  this  case,  that  it  is 
not  the  first  prizeman  afier  all,  bat  one  of  the  two  seoonds,  whom  these 
warm  supporters  of  the  Westminster  Hall  judges  now  sdeet  to  fight 
their  anti-G  <  tliii  battle  with ;  knowing  very  well  that  the  first  will  not 
do,  in  spite  of  Lord  Palmerston's  facetiousness  about  the  unsportsnuui* 
like  notion  of  ])referring  a  horse  which  i*»  rill  but  first  in  every  race 
to  that  which  wins  in  one.  Without  pretending  to  know  more  about 
racing  than  he  does  of  architecture,  1  humbly  venture  to  doubt,  on 
mere  principles  of  common  sense,  whether  the  experts  in  that  line  will 
agree  with  him.  Tlie  first  priaeman  ran  for  £800,  and  got  it ;  if  you 
want  to  see  bow,  you  can  read  the  evidence  about  the  proceeding  of 
the  judges :  it  does  not  follow  that  we  are  to  presume  him  capable  of 
all  other  victories,  when  there  were  other  races  to  be  run,  for  which 
he  did  not  start.  And  the  case  of  the  second  classic  prizeman  is 
still  worse,  because  he  di !  run  iu  the  other  race,  and  in  the  opinion  of 

all  the  judges  was  '*  iiowiu  re." 

As  for  Lord  I'alnierstua's  preference  for  Mr.  J  Vnnet home's  jdan. 
over  all  the  prize  ones,  as  a  uiaiLcr  of  taste,  why,  that  is  hardi^  u 
thing  to  argue  about ;  it  is  one  of  those  measures  of  his  taste  which  I 
said  he  had  been  kind  enough  to  give  us.  Tliat  design  was  exhibited 
in  the  committee  room  last  year ;  and  those  who  saw  it  and  sat  there 
for  the  very  purpose  of  examining  it  do  not  appear  to  liave  been  very 
much  of  Lord  Rilmerston's  oj)inion  ab  >nt  either  its  beauty  or  fitness. 
But  setting  aside  the  quesfi'»ti  of  taste,  there  is  a  sn;  ill  matter  of  fact 
connected  with  it,  of  which  he  mi^dit  as  well  have  been  informe<li)cfore 
ho  assured  the  House  of  Commons  that  it  was  quite  aniisiake  to  sup- 
pose there  was  the  least  inconsistency  between  himself  and  his  right 
honourable  firiend,  the  late  Commismoner  of  Public  Works.  That  met 
is,  tliat  the  said  Commissioner  Jiad  specially  and  very  effectively 
devoted  himself  in  the  Committee  to  the  blowing  to  pieces  of  this 
identiail  plan  of  Lord  Palmerston's  architect,  by  showing  that  it  was 
particularly  iil  adaj)ted  to  the  requirements  of  the  case,'*  and  did  not 
and  could  not  rnni)jly  with  the  ])resrribed  eouditinrys  ;  with  whirli  it  is 
admitted  that  tlie  (aolhic  plan  chosen  by  the  present  Goverumeut  did 
comply  entirely. 
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There  is  another  fninpiv  pmctipnl  innttor,  affecting  not  only  tins, 
hut  all  other  questions  of  public  buildings  in  tlic  Gothic  style,  of 
which,  therefore,  I  say  a  few  words.  Mr.  Tite,  of  the  Koyal  Ex- 
change, and  some  other  classical  architecture  gentlemen,  still  go  on 
asserting,  as  if  it  were  an  undoubted  iact,  that  Gothic  architecture  ia 
aeoenanly  daik,  cspeosiTe,  inoonvenieot,  and  difficult  to  Tentilate  i 
that  nah  windowB  are  better  than  Gothic  windowa,  and  so  forth 
Beople  who  hear  all  this,  and  know  that  Mr.  Tite  waa  an  active  mem- 
ber of  the  Committee  which  sat  and  reported  last  year  in  favour  of 
selecting  the  architpot  from  ftmon<»  the  prizemen,  but  distinctly 
repudiated  the  doctrine  that  eitluT  the  first  or  the  second  should  be 
taken  unless  tlie  (iovemment  tliought  fit,  of  course  have  no  idea  that 
Mr.  Tite  heard  several  urcliiiects,  who  were  themselves  not  Gothic  men, 
admit  before  the  Committee,  that  the  Gothic  style  is  not  inferior  to  the 
other  in  any  one  of  those  respects,  and  also  heard  Mr.  Soott  explain  that 
hia  windowaofv  eeah  windows,  and  that  they  are  not  smaller,  but  lefger, 
than  those  of  the  very  buildings  in  the  Italian  style  which  had  been 
referred  to  as  models,  and  thsm  the  windows  in  the  rival  plans.  '  If  may 
be  nntiinil  for  Lord  Palmerston  and  Mr.  Coningham  to  talk  in  that 
way  about  Gotliic  darkness;  but  INIr.  Tite  is  an  architect,  and  there- 
fore cannot  possibly  be  ignorant  that  there  are  nuuil)ers  of  (Jothic 
buildings  in  which  the  windows  are  even  wider  than  the  wall  between 
them,  and  that  the  same  is  the  case  in  no  other  afjle  that  ever  existed. 

HoweWy  I  cannot  alford  more  time  to  thia  preliminary  topic,  which 
having  casually  presented  itself,  yoa  could  hardly  expect  me  to  pass  it 
without  notice.  I  had  intended  otherwise  to  decline  altogether  dis- 
cussing the  relative  merits  of  Gothic  and  Classical,  or  Renaissance 
arcbitf nature ;  first,  because  the  subject  is  tlioroughly  exhausted  in 
arrrutiient,  until  some  new  facts  accrue  to  found  new  arpnincnts  upon; 
and  sK-ondly,  because  I  have  not  much  belief  in  uiybodv's  opinion  on 
a  question  of  taste  being  altered  by  argument.  The  fact  is,  that 
oproiona  on  artiatie  queetiona  are  hardly  ever  founded  on  the  reasons 
which  are  given  for  them,  but  the  opinions  are  formed  firrt,  and  the  . 
reasons  are  invented  afterwards  to  justify  or  enforce  them.  Accord* 
ingly,  that  which  passes  for  logic  in  matters  of  art,  however  well 
executed  it  mny  be  in  point  of  style,  is  generally  constructed  out  of 
definitions  and  axioms  carefully  framed  to  hcnr  out  some  foregone  con- 
clusion— of  analo^es  from  nature,  which  the  next  writer  cites  for  just 
the  oppoj^ite  purj)ose — of  nicknames,  cither  of  prtiise  or  blame,  \vliich 
assume  what  is  pretended  to  be  proved,  and  all  washed  down  by  copious 
draughts  of  assertion  that  all  thia  is  as  true  and  certain  as  that  iron 
haa  an  affinity  for  oxygen.^  In  order  to  avoid  expceing  myself  to  the 
aame  censure,  I  do  not  mean  to  prove"  anything  that  I  am  going  to 
say,  or  to  give  any  reasons  for  it,  except  that  I  have  arrived  at  certain 
conclusions  or  o})inion8  from  experience  and  observation,  which  you 
can  verify  for  yourselves. 

I  do  not  mean  even  to  claim  thr  merit  of  novelty  for  them.  Most 
of  them  have  been  in  substance  published  before,  both  by  myself  and 
by  others.    But  what  I  have  to  say  about  them  is,  that  within  the 
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latt  few  nwntlif  two  bttildiogp  have  been  eompletedi  in  whieb  Ibeee 

conclusions,  or  theories,  or  whatever  you  please  to  call  them,  have  been 
enforced  in  practice  for  the  first  time,  I  believe,  since  the  f:ill  of 
Gotluc  architecture  iOO  years  ago.  Those  buildings,  as  it  Imppcns, 
are  botli  in  the  same  town,  and  tiie  siime  architect,  Mr.  Scott,  was 
employed  for  both,  and  over  botli  of  them  it  has  fallen  to  my  lot,  from 
oueoineteoees  of  no  uiteiett  to  yon,  to  exerebe  en  nnofual  amount  of 
superiotendenoet  and  bdeed  over  tbe  smaller  and  ktor  of  tbe  two, 
something  more  than  superintendenoei  The  laigeor  one,  tbe  re* 
built  parish  church  of  Doncaster,  ia  no  doubt  known,  by  reputation  at 
least,  to  all  of  yon.  But  I  dare  Hay  you  are  not  aware  that  another  new 
church  in  that  town  was  opened  at  the  snmc  time,  viz.,  thf^  one  Ciilled 
St.  James's,  built  for  the  people  employed  on  tiie  works  oi  die  (ireat 
^Nortlierii  Railway  Company,  at  Doncawter,  and  their  families,  amount- 
ing to  dOOO  at  least ;  which  church  you  will  see  on  the  right  hand, 
jfoSt  before  yon  enter  tbe  atation  from  tbe  Math.  Tbe  best  new  of  tbe 
great  cborcui  St  George,  ia  also  from  tbe  railway,  a  Uttle  nortb  of 
tbe  station.  I  believe  it  is  no  exaggeration  to  say,  tbat  that  cburcb  ia 
nniversally  ODDsidered  the  finest  Gothic  building  of  modem  times; 
and  as  far  m  its  pretensions  ^o,  the  other  is  pronounced  by  most  people 
who  firivc  seen  it,  to  be  fully  ('([ual,  and  in  sonic  rt's})ccts  superior,  even 
to  its  more  ma^mifict-nt  urin^hhour.  Nobody  is  more  sensible  liian  I 
am  of  the  fault»i  in  each  ui  tiiem,  notwithstanding  their  general  success ; 
but  there  is  no  building  of  any  age  without  some  faults  quite  as 
atrilunfl; ;  and  whether  that  be  so  or  not,  tbe  oondusions  whicb  I  bave 
arrived  at  reqieeting  the  common  causes  of  dissatisfaction  wltb  modem 
Gothic  building  are  founded  no  less  upon  the  defecta  than  upon  tbe 
baantiea  whicb  are  apparent  in  these  two  buildings. 

The  first  cause  which  I  shall  notice  is  one  which  few  persons  can 
have  failod  to  hear  alleged  as  an  excuse  for  the  inferiority  of  modern  to 
antient  ari^hitecture  in  every  style  |  and  that  cause  is  stinginess.  But 
witb  tbe  exception  of  a  certain  dass  of  buildings  whidi  I  will 
*  advert  to  presently,  I  believe  it  would  be  nearer  tbe  trutb  to  say 
that  so  ftr  from  stinginess  aooountiog  for  the  general  fidlure  of 
modem  architecture,  there  never  was  a  time  in  the  world  when  money 
was  spent  on  building;  in  sucli  profii'^ion.  You  cannot  walk  far  through 
the  good  strppts  of  London,  Li\ t  Edinburgh,  Glasgow,  and  jiro- 

bably  other  towns,  without  seemg  buildings  which  have  cost  money 
enough  to  build  York  Minster ;  in  some  cases  far  more.  Look  at 
the  few  hundred  yards  of  Lord  Palmerston's  street  of  palaces,  and 
tbink  wfaat  you  would  have  had  from  a  builder  of  tbe  18th  centoiy 
for  the  cost  of  them.  Let  any  one  reckon  up  the  coet  of  such  of  tbe 
great  country  or  London  mansions  as  be  can  think  of,  built  in  our 
time,  and  then  say  whether  the  architects  of  the  19th  century  can  lay 
any  of  the  faults  of  modern  architectnro,  in  the  popular  style  at  least, 
to  the  account  of  r}n-  stitigiuess  of  their  employers.  In  the  Gothic 
style  there  is  certainly  uiore  ground  for  the  compkint ;  but  tven  there 
it  must  be  conhned  to  tiiat  class  of  buildings  which  I  alluded  to  just 
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now,  and  which  in«iy  briefly  be  d('scri}>ed  by  n.  term  borrowed  from  an 
enemy  of  Gothic,  as  eleemosi/nart/  buihiin^^s,  Huch  churches  built  by 
8ubi>cription,  schools,  parsonages,  almshuLu>es,  workhouses,  and  other 
things  of  tbatUnd. 

You  obflore  that  I  my  chnrdm  built  liy  tntweriptioD beeaaMy 
with  a  few  noble  exceptiotUy  sneh  as  will  readUy  oocor  to  all  of  us, 
there  is  a  striking  and  surprising  difference  between  the  conduct  of 
rich  men  in  building  churches  which  they  regard  as  their  own,  and  in 
huihlincr  or  helping  to  build  those  which  they  do  not  so  rtgard.  I 
do  not  know  that  I  can  t  xi)]ain  that  difference  better  than  by  a  single 
example,  out  of  m;irjy  similar  ones,  which  could  soon  be  put  together. 
Not  long  ago,  when  a  subscription  was  gut  up  for  rebuilding  a  large 
and  handsome  drardi,  which  was  intendsd  to  cost,  and  has  cost,  abcut 
£30  a  stttins^  a  oertein  rich  man,  who  lives  near  it,  ssid  openly 
that  he  should  give  as  little  as  he  deoentlv  oould,  because  he  thought 
it  was  a  great  mistake  to  spend  so  much  money  on  it.  Well,  of 
course,  he  had  a  riglit  to  please  himself;  but  he  was  also  pleased 
to  furnish  a  rather  odd  commentary  on  his  own,  and  I  am  afraid, 
the  popular  doctrine  about  expensive  church-building;  for  within 
a  year  afterwards  he  begau  to  build  a  small  church  in  a  secluded 
hamlet,  not  even  within  sight  from  his  house,  which  has  another  church 
dose  to  it,  and  he  spent  upon  it  veiy  nearly  £60  a  sitting,  and  more 
money  on  tlie  whole  Uian  has  been  spent  on  St.  James's  Chnich,  at 
Doncaster,  which  holds  about  six  times  the  congregation^  and  has  cost 
only  £8  a  sitting,  including  all  the  incidental  expenses ;  or  speaking 
ronndly, about  £1  a  foot  of  intr-rnnl  area;  which  I  am  convinced  is  the 
least  that  any  church  of  ordinary  size  can  be  built  for,  if  it  is  to  have 
any  real  architectural  character^  except  under  some  iMiusually  &vour- 
able  circumstances. 

Bat  these  specimens  of  real  extravagance,  in  what  may  be  called 
private  4diarch4>nilding9  are  almost  always  on  a  small  scale ;  and  Iher^ 
Ibre  the  aidiiteets  are  right  in  saying  that  they  very  seldom  indeed 
have  a  chance  of  doing  any  great  ecclesiastical  woric*  Moreover, 
the  prejudice  against  Gothic  among  the  class  of  persons  who  spend 
their  owt\.  or  other  people's  money  upon  great  civil  buildings  not 
**  eleemosvuarv,"  has  hitlierto  confined  Gothic  works  of  this  class  to  a 
very  small  number  ;  and  tliose  are  almost  entirely  private  houses,  in  which 
there  is  less  opportunity  for  display  than  in  public  buildings  with  large 
halls  and  other  grand  features  belongiug  to  them.*  Consequently,  it  is 
tme  tiiat  mueh  of  the  difficulty  of  prodaeiiig  good  Gothie  architecture^ 


*  Ism  aware  tfast  a  great  avihority  b  the  religioas  wortd  hss  gone  a  tttOs 

bej'ood  Lord  Palmerston  and  Mr.  Tite,  and  has  ascc  rtalned  that  **  Gothic  architec- 
ture was  inTented  hy  the  Devil,"  ard  according:ly  proscribed  it  for  his  TRHemacle 
O0lDpetiti<»D.  He  doetiuot  reveal  which  the  angelic  style  is;  bnt  it  can  hardly 
be  tbst  of  St.  Psol'i  Gethedral :  for  it  is  remarkjiUs  that  while  the  nave  of  Wset- 
minster  Abb^',  aD<!  seveml  other  Cothic  chnrchrfl,  i^iich  as  IJoston  and  Coventrc, 
bold  from  9000  to  3U00  people  oo  tbe  tloor,  who  caD  all  hear  aoy  preacher  with  a 
good  voice,  it  ifas  ascawaiy  to  deftee  St  PraVs  with  that  tngbOai  hosidwg  to 
eostle  the  new  coagregslkB  to  hear  stall,  sad  that  tsiy  ia^siMly* 
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iu  the  oiil^  line  in  whidi  it  has  been  allowed  to  expatiate,  is  due  to 
wliat  it  conmioiilT  ttSlad  ttioginess,  but  ilioald  fBlher  be  edl«d  the 
perverted  and  selfish  extravagance  of  modem  timet ;  and  extravagance 
whteh  almost  invariably  fials  in  ito  object  at  it  deserves.  The  £oOOO 
or  £6000  for  which  a  man  might  have  been  celebrated  as  the  builder 
of  such  a  tower  as  this  of  Doncaster,  as  the  restorer  of  the  splondicl 
choir  of  Selby,  unrivalled  among  the  parish  chiirehes  of  England,  or 
the  rebuilder  of  the  half-ruined  but  once  beautiful  steeple  of  liedcliffe, 
the  only  one  of  its  style  remaining,  or  which  would  have  redeemed 
Doncaster  Church  from  its  only  great  defect,  the  want  of  lengdi  in  the 
BETe  and  transepts,  it  little  better  than  thrown  away  in  erecting  tome 
g^udy  little  ttractore  in  a  oountij  Tillage  or  a  purk,  whieb  all  the 
neighbourhood  goet  to  look  at  onoe,  and  pronounces  very  pretty, 
and  nobody  ever  wants  to  see  again  ;  although  the  rude  and  simple 
Early  English  chapel  at  Skelton,  aiul  the  ?;till  ruder  Xorman  arches 
of  the  humble  church  of  Adel,  and  many  others  in  all  the  old  Gothic 
styles,  'arc  still  visited,  and  painted,  and  eiigraveti,  and  pi^tended  to 
be  copied,  while  all  ilus  modem  finery  produces  no  more  lasting  effect 
on  those  who  see  it,  than  the  painting  and  gilding  and  upholstery  in  the 
drawing-room  of  the  neighbouring  hall. 

But  here  I  am  afraid  the  ooncetaton  to  the  aidiiteett,  tliat  the 
fiulure  of  modem  architecture  is  due  either  to  the  stinginest,  or  to  the 
misplaced  extravagance  of  their  employers,  must  stop.  For,  putting 
aside  the  numerous  buildings  of  the  eleemosynary  class  which  are 
evidently  starved,  can  it  be  said  tliat  the  rest  are  satisfactory?  Are 
they  even  very  distinctly  the  best?  I^'ay,  are  tiie  most  expensive  part^  of 
the  ftume  building  certain  to  be  superior  to  the  rest  ?  I  must  say,  that 
according  to  mj-  obtervation  and  experience,  none  of  these  things  are 
to.  Of  ooume,  ttch  a  proportion  it  not  to  be  contidered  proved  either 
way  by  two  or  three  examples ;  but  the  north  tide  of  the  great  Don- 
catter  Church  is  unquestionably  better  than  the  touth,  although  the 
south  side  is  far  more  elaborately  designed,  and  more  costly  than  the 
other.  Again,  St.  James's  Chureli  is  a  frood  deal  plainer  still,  and  its 
walls  and  windows  are  only  a  fow  feet  hi;ihcr  thiin  those  of  the  aish  -  of 
St.  (  ieorcre's  ;  and  yet  1  believe  lliere  are  few  ptT:>()!)s  who  dn  not 
think  Llie  pUiiiH-r  ones  tlie  best :  not  because  liiey  are  plainer,  but 
because,  in  spite  of  their  plainneat,  they  have  more  of  certain  quiditiet 
which  the  old  Gothic  buildings  generally  posteased,  and  which  new 
onet  iiardly  ever  have.  No  doubt  in  the  best  Gothic  times  it  was  the 
cate  that  the  more  elaborate  a  building  was,  the  handsomer  it  generally 
was  ;  and  so  it  ought  to  be  in  all  times.  But  so  far  is  it  from  being 
so  now,  that  I  should  almost  be  inclined  to  say  that  if  you  wish  to 
make  quite  certain  of  a  failure  in  the  most  essential  elements  of  good 
building,  you  had  better  give  out  at  once  that  you  do  not  c^'ire  how 
nuieii  you  spend,    ^'o  doubt  that  lookti  like  a  pamdox,  and  it  is  not  a 

i^mplimentaiT  one  to  the  present  race  of  areluteeta ;  nevertheless,  I 
adopt  it,  not  from  theory,  but  from  obtervation,  and  I  believe  that  if 
you  will  use  your  own  obtervalion  you  will  come  to  much  the  tame 
coudusioo. 
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If  it  is  necessary  to  aoootint  for  such  a  phenomenon,  I  should 
attribute  H  mainly  to  the  existence  of  ooe  of  the  moat  misdueFom 
MwttaoB  ever  propagated  on  this  aubjeet-^that  **  ifntameiUaHan  U  the 
principal  pari  of  architeeture**  Of  course  ita  author,  or  rather  ita 
most  distinguished  advocate  (for  it  had  been  secretly  or  openly 
iH^lieveil  in  long  before  his  time)  drmonstrnte^  its  triit!i  with  the  usual 
ui)jH>sjn(j^  array  of  axioms  and  detiiiitioiis  in  the  most  logical  and  pre- 
cis*.-  lor  III  ;  uimI  I  am  far  from  intending  to  break  in  upon  that  sj)len- 
did  labric  ol  reasoning.  I  will  only  say  of  it,  that  1  prefer,  as  a  mutter 
of  oonveoienoe  and  simplicity,  if  not  for  any  other  reason,  the  natural 
to  the  noo-DatUTal  sense  of  words  generally  undeiatood  $  and  therefore 
I  decline  accepting  for  *  a  definition  of  architecture,'  that  it  is  the  art 
^  of  designing  sculpture  for  a  particular  place,'  and  placing  it  there 
m  the  *  best  principles  of  building/  Everybody  knows  that  the 
thing  which  mankind  have  ngreed  to  call  Architecture,  is  notlilnn^ 
of  the  kind,  and  that  detinitiuns  of  that  sort,  and  ali  tljat  is  built 
upon  iheiii,  are  a  mere  Hietorical  artifice.  And  what  is  of  still  more 
consequence,  everybody  who  chooses  to  use  his  eyes  can  see  tliat  the 
great  nugority  of  the  old  buildings,  whose  grandeur  and  beauty 
nobody  nut  Lord  Palmoston  and  his  allies  now  disputes,  owe 
very  little  of  their  architectural  effect  to  sculpture,  or  to  anything 
which  would  be  generally  understood  by  the  word  ornamentation  ; 
and  in  this  country  at  any  rate,  not  one  to  colouring,  which  is  the 
only  alternative  to  sculpture  allowed  by  the  authority  in  question. 
Mind,  I  am  not  siiying  anything  so  absurd  as  that  architecture  is  not 
improvfil  by  suitable  decoration:  but  I  say  that,  as  a  bare  matter 
of  fact,  a  great  deal  of  what  is  universally  aduiirtid  as  arcliitecture 
of  a  very  high  order,  much  finer  than  the  most  highly  decorated 
modem  building,  is  almost  or  altogether  independent  of  both  carviiig 
and  colouring. 

The  contrary  theory  has  led  architects  and  their  employers  too 
ofteii  to  sacrifice  everything  to  ornamentation.  That  critical  and  exact 
eve  for  beautiful  forms  and  proportions,  definable  by  no  rules,  and 
capable  of  inhnite  \:Lriety.  as  nature  itself  shews,  which  appears  to 
have  been  possessed  by  the  builders  ut  the  1 3th  century,  and  by  those 
of  this  country  more  than  any,  but  now  by  hardly  the  best  architects, 
seems  in  a  fidr  way  for  being  put  out  and  lost  altogether  by  this  vulgar 
and  foolish  piusion  for  omamentatton ;  the  same,  I  suppose,  which  haa 
come  to  treat  the  female  form  as  nothing  better  than  a  frame,  or  rather 
as  the  prop  for  a  frame,  to  liang  out  heaps  of  clothes  upon.  Look  at 
any  of  the  most  extravagant  specimens  of  modern  clnnrhbuilding,  and 
consider  them  apart  from  their  alabaster,  and  carving,  and  mosnics,  and 
frescoes;  if  their  constructional  elements  and  pro|>ortions  do  not  strike 
you  as  thoroughly  base,  feeble,  and  conteuiptible  in  comparison  with 
those  of  five  or  six  centuries  ago,  aU  I  can  say  is,  that  I  advise  you  to 
study  the  old  examples  till  they  do* 

The  day  before  we  laid  the  first  stone  of  St  James's  Church  at 
Doncaster  I  had  to  address  a  meeting  of  the  Yorkdlire  and  Lincoln- 
shire arcliiteetural  Societies  in  and  upon  the  then  unfinished  church  of 
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St.  George*,  and  I  then  announced  that  St.  Jameses  Church  Iiad  been 
designed  expressly  to  expose  and  refute  this  ornamentation  theory,  as 
well  as  some  other  modem  notions  which  I  shall  speak  of  presently. 
At  Uiat  time  the  result  of  the  experiment  was  only  conjectural,  and  I 
daresay  many  of  the  audience  thought  it  a  very  foolish  one ;  though 
^eveu  then  it  had  been  observed  that  some  of  the  plainest  parts  of  the 
church  we  were  in  were  superior  to  some  of  the  most  highly  decorated. 
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ST.  JAMES'S  CHURCH,  DONCASTER.  NORTH  EAST  VIEW. 

Now,  however,  the  result  is  before  you,  so  far  as  this  large  painting 
can  exhibit  it  ;|  and  if  you  will  take  the  trouble  to  stop  at  Doncaster 


♦  See  Ttco  Lectures  delivered  at  DcncaMer  on  the  23rd  of  September^  1857,  6y 
G  G.  Scott  and  E.  B.  Denison. — Brooke  and  Co.,  Doncaster ;  Bell  and  Daldy. 
Price  fid. 

t  Two  pictarcs  of  these  churches,  on  a  very  large  scale,  were  drawn  for  the 
lecture  by  the  Rev.  James  Bell,  who  was  curate  of  Doncaster  when  the  parish 
church  was  burnt  down,  and  who  painted  at  the  time  a  remarkable  picture  of  the 
church  on  fire,  since  lithographed  in  colour  in  the  Rev  J.  E.  Jackson's  History 
df  St,  George's  Churth  at  Doncaster,  with  various  other  illustrations  of  the  old  and 
new  churches.  Messrs.  Brooke  and  Co.  have  lent  me  the  accompanying  woodcut  of 
St.  James's  Church.  Unfoi  Innately  there  is  not  one  in  existence  of  St.  George's, 
with  the  tower  as  it  is  now  hu'Ut :  iu  other  respects  the  picture  of  it  in  my  Lectures 
om  ChurchbuUding  is  ©orrcct. 
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fur  tiie  inter\'al  between  two  trains,  and  ItMjk  for  yourselves,  you  t\  ill  be 
in  a  better  couditiou  to  judge  how  far  Mr.  Kuskiu  aud  the  modern 
taste  are  right  in  prommncing  ornamentation  to  be  the  principal  part 
of  arebitecture^  than  by  reading  a  doaen  books  or  listening  to  any  thing 
more  that  I  oould  say  about  it.  Of  that  we  had  a  curious  proof  when 
the  church  was  opened  last  October.  A  fri&id  of  mine}  who  is,  or  wasy 
fi  firm  Ix'lirvfr  in  Mr.  Huskin  and  the  essentiality  of  ornamentation  to 
architectural  etfect,  and  an  Rdvocntc  of  the  height  which  is  character- 
istic of  foreign  Gotliic.  against  the  ol<l  Jviglish  characteristic  of  length, 
and  liad  for  tlie^e  re;isous  pronounced  the  success  of  this  church  impos- 
sible from  the  drawings  of  it,  nevertheless  entirely  gave  in  on  seeing 
it,  and  admitted  tliat  it  was  in  some  respeets  superior  to  the  vmen 
grander  church  not  fiir  off ;  and  at  that  tuie,  it  may  be  worth  while 
to  add,  that  even  the  very  small  quantity  of  ornamentation  that  there  is, 
only  £.51  worth  of  carving,  and  four  marble  shafts  in  the  pulpit, 
was  not  done.  Sonnich  for  Mr.  l?^^k^^'s  cloqiipnt  demonstration  of  the 
ornamentation  theory,  and  his  solemn  and  enjphatic  deduction  from  it : 
**  Therefore,  ol^ierve,  no  man  can  be  an  architect  who  i^  not  eitlier  a 
sculptor  or  a  painter."  The  moment  it  is  tested  by  a  building  which 
has  some  real  architectural  character  of  its  own  tj^  depend  on>  and 
openly  defies  that  theory,  instead  of  attempting  as  usual  a  sneaking 
eompromise  with  it»  the  theoiy  bursts'*  like  the  Trolls  in  the  None 
legoids  when  the  sunli^t  fidls  upon  them. 

I  do  not  know  whether  it  is  owing  to  the  la((  nt  or  avowed  belief 
in  this  theory  that  decoration  should  be  aimed  at  hi-st  and  principally, 
before  instead  of  after  all  the  other  conditions  of  grand  building 
are  satisfied,  or  to  pure  and  rample  ignorance  and  incapacity  for  obi»er- 
yation,  that  there  are  hardly  any  modem  buildinss  whksh  are  not 
deficient  in  two  primary  elements  of  all  grand  building  in  any  style 
wiiatever :  I  mean  masuveness,  and  depth  of  shadow,  which  is  the  visible 
e^'idence  of  massiveness,  besides  having  a  beauty  of  its  own.  So  little 
indeed  do  the  Gothic  builders  of  the  19th  century  (and  I  mean  not 
merely  architects,  but  niaDv  other  jicrsons  as  well)  seem  to  know  or  be- 
lieve that  it  has  anything  to  do  with  ( lothic  effect,  that  we  constantly  liear 
and  see  tliat  architecture  exalted  tor  ile>  iiy/Ujtess  over  the  more  clumsy 
and  tosciendfic  heavmess  of  the  large  stone  styles  of  the  Egyptians, 
Greeks,  and  Romans.  In  this  there  is  no  doubt  a  kind  of  truth,  though 
the  Hniisifnl  arehiteeture  gentlemen  in  Parliament  seem  to  know  about 
as  much  of  one  side  of  the  truth  as  the  otiier,  and  actually  imagine  that 
Gothic  is  the  dark  and  heavy  style,  and  the  classical  style  light  in  both 
meaning  of  the  wonl.  But  though  the  area  of  the  sTipports  in  St.  Paul's 
or  kSt,  1  iter's  is  nearly  twice  as  great  in  proportion  to  their  size  as  in 
most  of  the  Gothic  minsters,  or  in  other  words,  the  walls  and  pillars  are 
very  much  heavier,  yet  it  does  not  follow  that  if  the  walls  and  buttresses 
and  pillars  of  York  or  Westminster  were  tliinner  still,  the  buildings 
would  be  grander,  or  anything  like  so  grand.  In  fhis,as  in  many  other 
thinga,  we  seem  incapable  of  getting  hold  of  an  idea  without  riding  it 
to  death.   Thus  Biekman  remarked  that  the  general  characteristic  of 
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Gothic  was  verticality,  and  of  Grecian  buiklin^,  horizontality ;  which  is 
true  enough  in  a  general  way,  but  is  forthwith  converted  into  nonsense  and 
monstrosity  by  people  jumping  to  the  concluaon  that  the  more  vertical 
and  "  aspiring  "  (as  they  tike  to  call  it)  they  can  have  their  buildinge 
the  more  Gothic  they  muet  be.  It  is  always  necessary  to  receive  thoee 
neat  and  succinct  definitions  and  comprehensive  statements  about  any- 
thing with  extreme  caution.  Even  when  they  are  exact  enough  for  a 
general  summary,  or  to  describe  some  wide  distinction,  as  in  the  case 
just  mentioned,  thcv  are  utterly  unsafe  to  adopt  as  rules  for  criticism, 
and  imich  less  for  action.  Therefore  I  shall  not  attcitipt  to  lay  down 
any  rules  for  the  proper  thickness  of  walls,  or  vviinlt)w-tracery  and  ninl- 
lious.  You  will  find  some  thicknesses  of  certain  old  and  new  buildings, 
including  the  Doncaster  churches,  in  the  Lecture  before  referred  to, 
and  othevB  In  the  second  edition  of  my  Leeims  on  ChunMrniding.* 
I  will  only  mention  this  fitct,  which  is  not  given  in  either  of  them, 
that  the  sectional  area  of  aJl  the  mnllions  ia  those  two  churches, 
except  a  few  in  St.  George's,  which  everybody  can  now  see  to  be  too 
thin,  is  more  than  double  of  some  which  T  measured  myself  in  a  large 
church  in  London,  which  is  by  no  means  an  uniair  specimen  of  a  rather 
ambitious  building  of  very  recent  erection. 

The  same  fault  is  generally  noticeable  in  tht  woodwork  as  in  (lie 
stone  of  modern  buildings  ;  frequently,  and  with  some  architects  invari- 
ably, it  is  even  worse.  The  clerk  of  the  works  told  me  that  an  archi- 
tect looking  at  the  roof  of  St.  Jameses  said  it  contained  just  three  timet 
as  mudi  timber  as  he  should  have  put  in ;  no  doubt  meaning  it  as  a 
severe  censure  on  our  extravagance  or  ignorance  of  medianics  :  not 
that  modem  builders  have  much  to  boast  of  on  the  score  of  mechanics  ; 
for  a  year  seldom  goes  by  witliout  two  or  three  new  buildings  either 
falliiip:  flown  d(  ad,  or  having  their  roofs  taken  off  to  nnticipate  them, 
I  think  these  gentlemen  may  take  for  granted  that  the  old  l>i!ilders, 
who  knew  how  to  build  stone  roofs  and  wooden  roofs  whicli  are 
stronger  now  after  five  centuries  than  many  that  were  built  last  year, 
knew  very  well  that  ^ey  were  using  more  materials  than  were  requisite 
for  merely  satisfying  the  mechanics]  condiUons.  But  they  knew  also 
that  wgineering  is  not  architecture,  and  that  science  is  not  art,  though 
it  is  involved  in  it,  at  least  in  the  art  of  Gothic  building,  the  architec- 
ture of  pointed  arches,  and  vaults,  and  buttresses,  of  open  roofs',  and 
tall  spires  ;  and  why  should  we  not  add  of  domes, — not  the  low  and 
clumsy  Roman  or  Byzantine  dome, incapable  of  standing  on  its  own 
base,  but  the  truly  scientitic  and  l)eautiful  Indian  or  Saracenic  pointed 
dome,  chiefly  built  I  suppose  in  horizontal  courses,  and  therefore 
capable  of  standing  alone,  and  presenting  an  outline  like  a  tall  Gothic 
arch  standing  on  its  piers,  and  with  a  more  than  Gothic  independence 
of  abutment  beyond  them?  f  . 


*  Alfopoblishcd  by  Ikll  and  Daldy,  Flcvt  Street,  and  Rpooke  and  Co.,  Donrnsti  r. 
t  The  Gothic  etitect  of  some  of  the«e  higb-doiuod  buildiiigs,  ijicluding  eveu  the 
square  parts  belowi  in  some  lately  publidied  photographic  rSm  of  Caixo^  is  very 
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Mr.  Biuldii  Is  BMR&My  right  in  deseribing  Redondaiioe,  or 
Tttible  superfluity  of  materials  or  dimemioiis,  as  ao  oosontial  elemeot 
of  Gothic  effect,  and  probably  of  all  effect  in  architecture.  Redund* 
aoce  ill  ornamentation  we  are  only  too  capable  of  appreciating,  as  I  have 
laid  already  ;  and  on  re^inn dance  in  height  the  architects  seem  disymsed 
to  run  equally  wild  ;  hut  redundance  in  maas,  and  in  length,  and  in 
depth  of  external  shadows,  all  of  them  eminently  characteristic  of 
the  best  English  Gothic,  they  choot^e  steadily  to  ignore.  And  as  long 
as  they  do,  sod  as  long  also  as  people  will  require  architects  to  erect 
public  baildings,  eoelesiasdcal  or  ctvil,  of  such  capacity  and  for  soch  a 
price  that  they  cannol  affbrd  to  put  in  materials  enough  for  arehitedttral 
effect,  eveii  if  they  wished,  so  long  is  there  no  hope  for  any  real  revival 
of  architecture  in  any  style  whatever  ;  unless  indeed  the  iron  and  glass 
style  is  to  be  dignified  with  the  name  of  architecture  :  as  I  should 
if\\uk  it  would  be  by  the  genUemeu  in  the  House  of  Conimoiiii  who 
kctp  crying  out  for  more  light,  when  they  liavc  learnt,  as  they  perhajis 
may  some  du^ ,  that  the  style  which  they  are  advocating  now  is  one  ui' 
the  dariL«st  in  the  world,  and  was  intentiooally  made  so  for  good 
reasons  in  its  own  countiy,  while  the  people  of  the  south  wonderra  at 
the  largCDOss  of  onr  Gothic  windows  here. 

The  professional  architects  are  naturally  very  angry  at  the  severe 
things  which  are  sometime??  written  of  tiiem  by  the  amateurs  (on 
whose  behalf  I  shall  have  something  more  to  gay  before  1  have  done)  ; 
but  none  of  us  have  said  anything  so  severe  as  what  I  am  now  going 
to  quote  from  a  recent  book  written  by  one  of  themselves*  Sp^iking 
of  these  two  cognate  ffnilts  of  modern  architecture,  thinness  and  want 
of  shadow,  Mr.  Garbett  says : — 

"  Thi.'  want  of  thickness  in  the  wnU'^,  and  recess  in  the  openings,  renders  the 
whole  of  the  architectural  ornament  appited  to  luany  of  our  public  buildings  worse 
than  tiiroWD  n>^ay,  suiee  it  makes  them  more  ridicalous  as  architectural  fsftides 
than  they  woul  1  o  therwise  l  ave  been  as  brick  walls.  The  draughtsmen  of  com- 
petitioQ  drawings  are  well  aware  of  this  source  uf  effect  £depth  of  windows j,  and 
eonuButteat  dioold  be  on  their  guard  against  it;  fbr  maav  of  the  disappoindiieiits 
experienced  when  these  pretty  designs  have  been  executed  may  he  traced  back  to 
the  dirfct  falsi  fifjoil  of  repr»'«eTitinfT  Uieir  walls  twice  or  thrice  as  thick  as  they  were 
iniended  to  be.  By  a  most  uiilurtunate  seeming  iutality,  the  ^reat  national  work 
sf  th«  sge^  which  most  ht!fre  such  a  powerful  influence  on  its  taste,  has  been 
doomed  to  afford  an  instance  of  this  disn[  [iointnKnt.  In  thccrirrinal  prspective  views 
of  its  &mons  river  front,  the  windows  w^i  e  recessed  at  least  three  feet  from  the  plane 
of  the  wall ;  trat  as  execnted  they  do  not  seem  to  be  one  foot  therefWmi  *.  that  is  to 
say  (takinp;  the  front  as  800  ft.  by  70  in  round  numbers)  the  glass  has  been  so 
advanced  as  to  rob  the  exterior  of  112,0()O  cubic  feet  of  appnriMit  "sorulitpr.^  This 
angle  circumstance  would  be  sufficient  bv  itself,  if  not  counte  meted  [which  it  is  not], 
to  make  til  the  diifenDee  between  n  snblime  bnildmg  and  a  mean  one ;  but  amooff 
many  complaints  at  imaghiary  ffrievaiu'cs,  no  critic  raises  the  cry  of 'GWe  US  back 
our  112,000  cabic  feet,    ^-Mvdimentarif  JVeatise  on  JJeiign,  p.  108. 


btnkiijg.  1  have  no  doubt  that  something  truly  grand,  Gothic,  and  yet  novel,  might 
be  done  m  that  line  by  an  architect  of  genius.  But  the  domes  must  be  large :  I 
bdieve  a  mall  dome,  standing  by  itself  at  least,  is  an  ineTitably  poor  thing. 
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I  have  reason  to  believe  that  the  great  Doncaater  church  is  tbe  flnt 
modern  building  in  which  the  windows  have  been  set  as  &r  back  as 
half  the  thickness  of  the  wall,  or  from  18  Inches  in  the  thinnest  walb 
to  2^  fc  et  ill  the  thickest  Those  in  St.  James's  Church  and  in  the 
tower  of  St.  George*s  are  deeper  still ;  for  the  upper  windows  of  tlie 
tower  were  altc^red  to  3  feet  deep,  and  all  the  windows  in  St.  James's 
are  set  nearer  to  the  inside  than  the  outside  of  the  walls,  so  that  none 
are  less  than  20  inches  deep ;  and  the  east  window,  though  it  is  of 
course  smaller  than  St.  George's,  hu8  the  same  depth,  2  ft.  6  in.  outside. 
I  promised  not  to  prove  anything  this  ereniog,  and  tfaerelbre  I 
abstain  from  giving  the  reasons  why  external  depth  of  windows  most 
be  of  fiir  more  aroutectural  value  than  intemal|  especially  as  I  have 
done  so  at  some  length  elsewhere,*  and  exposed  the  common  excuses  of 
the  architects  for  the  contrary  practice.  I  shall  only  say  here,  as  a 
matter  of  fact,  that  everybody,  so  far  as  1  can  learn,  admires  St. 
George's  Church  for  its  superiority  to  other  modern  buildings  in  this 
respect,  and  the  St.  James's  windows  for  their  superiority  to  many  iu 
St.  George's,  both  in  depth  of  setting  and  in  masnveness,  though  they 
are  much  plainer  in  the  mouldings  and  in  the  seneral  design.  Mr. 
Scott  was  afiatd  that  people  would  be  disappointed  at  finding  the  depth 
of  these  windows  inside  no  greater  than  it  usually  is  in  walls  of  the 
common  thickness,  after  seeing  that  it  is  just  a  foot  more  outside,  and 
thnt  it  wotild  he  considered  a  kind  of  cheat.  For  anything  I  know, 
the  areliitect  of  the  IDth  centurj-,  who  always  puts  his  windows  at  least 
twice  as  near  the  outside  as  the  inside  uf  the  wall,  may  think  it  hi:* 
duty  to  be  disappointed  \  but  nobody  else  is :  on  the  contrary,  1  have 
heard  more  admiration  gieneially  expressed  after  people  have  seen  tbe 
innde  of  the  diurch  than  before,  even  when  their  attention  has  been 
directed  to  this  peculiarity  of  the  windows — ^for  modem  ones ;  wliieh 
is  only  one  amongst  the  many  proofs  we  have  had  there,  that  as  soon 
as  the  right  thin";  is  done,  it  is  genemlly  acknowledged  to  be  right, 
however  little  tliC  necessity  for  it  may  have  been  appreciated  beforehand. 

But  you  must  not  imagine  thnt  it  is  only  in  the  windows  tliat  mo- 
dern Gothic  architecture  suffers  from  want  of  visible  depth.  It  is 
equally  true  of  doorways,  buttresses,  corbels,  arch-mouldings,  cornices, 
eaves  of  roo& ;  everywhere,  in  short,  where  it  is  possible  to  give  the 
building  a  sort  of  meagre,  shaven,  eyebrowless  IooIl,  predsdy  the 
oppodteof  that  which  is  eminently  characteristic  of  all  Uie  buildings  of 
the  three  great  Gothic  centuries,  and  hardly  perished  even  in  the  fourtli. 
The  principal  expense  we  were  put  to  in  altering  work  already  done  in 
both  churches  at  Doncaster  arose  from  the  necessity  for  correcting  (as  tar 
as  could  be  done)  the  stupid  and  perverse  shaving  down  and  cropping 
of  projections  and  reducing  of  depths  by  the  clerks  who  made  the  work- 
ing drawings  of  thinge  wmch  had  actually  been  right  in  the  original 
pictures :  just  what  you  see  Mr.  Garbett  complains  of  at  Westminster 


*  See  pp.  79.  &c.,  of  the  2iid  ediliai  €f  Z«clMP8f  M  ObiftMslU%»  sad  p.  38  of 
the  other  lectures  at  Doncaster, 


Digitizca  by  Liu..- .  iv. 


Ml  Modem  Qotkie  ArekUitUHre, 


45 


ind  diewhere  as  the  comtnoD  fallacy  of  drawings*  And  although  the 
mt  of  depth  iu  the  buttresses  at  St,  Geom's  was  painfully  apparent 

at  an  early  stage — but  too  late  to  be  cured,  except  at  great  expense, 
those  of  St.  .James's  were  onlv  jint  saved  in  time,  after  the  foundation 
had  been  laid  ;  and  there  the  consequence  of  want  of  depth  would  have 
been  worse,  because  it  was  on  depth,  and  niassiveness.  and  general  bold- 
ness of  construction,  tliat  the  arcliitectural  etfect  of  tliat  church,  as  of 
all  plaia  oiiea,  had  to  depend  entirely.  Mr.  Bell  has  been  kind  enough 
to  paiot  Ibr  the  purpose  of  tUs  lecture  what  we  may  call  a  bad  St. 
James's ;  which,  you  see,  is  as  like  the  good  one  as  posfible  in  general 
dimensions,  size  of  windows,  the  areading  under  the  round  window,  and 
«o  forth,  except  that  the  details  are  made  as  thin  and  shallow  jis  usual 
in  modern  (lothic  buildings.*  As  far  as  pictures  can  exliil)ii  ilie  ditfer- 
euce  of  c^ect,  and  they  ought  to  be  stereographic  pictures  to  do  it 
completely,  you  c^iu  now  form  some  idea  of  it;  you  will  form  a  better 
if  you  will  compare  the  building  itself  with  almost  any  other  modem 
ehorch  whidi  yon  can  carry  in  your  eye  for  the  purpose,  or  if  you  com- 
pare other  modem  bidding  with  almost  any  old  one  of  the  same 
siie.  1  say  almost  any  old  one,  because  I  am  well  aware  that  there 
are  a  few  exceptions,  such  as  the  north  aisle  windows  of  Bolton  Abbey, 
which  are  in  the  flowing  decornted  style,  and  are  nearly  as  bad  as 
moileni  ones,  and  witli  which  the  architects  will  probably  knock  you 
down,  unless  you  are  inepared  to  ask  them  why  they  insist  upon  copy- 
ing the  few  exceptionally  bad  models  they  cau  lind,  and  pay  no  atteu- 
ton  to  the  infinitely  greater  number  of  good  ones  of  just  the  opposite 
ehaiacter.  And  so  1  lesye  this  topic,  adding  only  the  warning  (which 
may  not  be  thrown  away  upon  some  people),  that  there  is  no  rehttion 
between  external  depth  of  shadow  and  internal  light :  on  the  contrary, 
since  Gothic  windows  are  nearly  always  splayed  as  wide  as  the  depth  of 
their  setting,  and  Italian  ones  never  are,  deep-set  rrothic  windows  will 
let  more  light  into  a  room  than  Italian  ones  oi  the  same  sise. 

The  next  common  modem  mistake  which  I  have  to  notice,  is 
another  instance  of  a  troth  turned  into  fiilsehood  by  exaggerations. 
Yon  liaTe  all  heard  or  seen  how  St.  Peter^s  at  Rome  fails,  from  the 
magnitude  of  all  its  parts  and  details,  in  producing  the  proper  impres- 
sion of  its  siae,  and  you  will  see  in  Mr.  Fergusson's  and  Mr,  Garbett*s 
books  some  strong  observations  on  and  illustrations  of  the  same  want 
of  subdivision  of  even  the  Gothic  cathedrals  on  the  Continent,  into 
parts  of  moderate  size  with  a  distinct  outline  to  each — an  art  which 
was  tar  better  understood  by  the  English  architects,  who  knew  how  to 
ffive  to  our  cathedrals  an  appearance  of  almost  unlimited  extent,  though 
3iey  are  generally  smaller  than  the  foreign  ones.  Well|  all  this  is 
peilectly  true  and  right,  and  it  is  undoubtedly  an  architeetuial  blunder 
to  have  great  size  and  yet  not'to  get  the  full  effect  out  of  it*  But  the 
modem  aiehiteet  interprets  this  truth  to  mean,  that  if  you  only  make 


*  Thiscsonot  be  represented  in  a  small  drawiug;  so  I  do  not  uttciupt  it. 
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plenty  of  distmct  ports  in  a  building  or  a  window,  of  any  size,  and  put 
plenty  of  stages  in  a  buttress,  or  mouldings  in  an  arch,  the  eye  will  be 
cheated  into  believing  that  the  building  is  large,  the  window  a  grand 
one,  the  buttress  \\\^\  and  deep,  and  tho  wall  thick:  prc?cisely  the 
reverse  of  all  whidi  is  tlio  fact.  '^I'lie  t'.ye  is  not  such  a  fool:  though 
its  owner  may  not  be  wise  enough  to  know  how  he  has  discovered  the 
cheat,  yet  he  always  does  discover  it — and  more  ;  for  by  a  strange  but 
just  retribution,  buildings  detiigned  on  this  fraudulent  principle 
generally  look  even  smaller  than  they  are ;  and  for  Hb^  reason :  the  eye 
soon  perceives  tliat  everytliing  within  its  power  of  measoring  is  small 
and  [Miltry,  and  therefore  the  mind  instinctively  concludes  that  the 
whole  is,  whether  it  is  in  fact  or  not.  Of  the  two  mistakes,  the  old 
foreign  one  is  immeasurably  the  best ;  inasmuch  as  it  is  far  better  that 
you  should  find  n  building  to  he  greater  thnn  you  thought  at  first, 
instead  of  gradually  di^roveritig  tlmt  the  more  you  see  nf  it  the  more 
paltry  and  m^n  and  good  for  nothing  it  is :  not  that  buildings  are  the 
only  things  of  which  this*  is  true. 

Some  persons  think,  that  in  the  desire  to  avoid  this  common  fault 
in  Si.  James's  Chnxch  at  Doncaster,  we  have  run  a  little  into  the 
opposite  error  of  St.  Peler^s  at  Bome ;  and  it  certainly  is  tnie  that  ita 
size  is  not  always  appreciated  at  fint.  But  then  it  is  generally  seeo 
after  the  much  larger  church  near  it,  and  is  talked  of  as  the  small  one ; 
and  therefore  people  are  not  prepared  for  an  unbroken  internal  length 
such  as  you  find  in  hardly  any  of  the  largest  London  churches.  In 
fact,  1  donht  it"  tliere  is  any  other  modern  (totliic  ( Imrch  with  even  one 
continiioiis  roof  of  llGfeet,  uiuch  less  two  ;  though  there  are  plenty 
of  old  ones  longer.  Moreover,  you  must  not  suppose  that  I  set  up  tiiis 
church  as  the  best  that  could  be  designed  ;  but  the  best  that  we  were 
able  to  do  for  the  specific  sum  of  money  which  was  allowed  for  it ;  and 
it  was  particolarly  intended  to  prove  that  a  church  of  that  suse,  truly 
Gothic  in  construction,  and  most  convenient  in  arrangement,  with 
nothing  mean,  or  unreal,  or  pretentious*  about  it,  could  be  built  for  a 
very  moderate  sum  of  money,  on  principles  exactly  opposite  to  those 
which  are  commonly  adopted.  In  tlmt  we  have  certainly  succe»>de(!, 
for  it  seems  to  be  generally  considt  rcd  the  handsomest  building  for  its 
cost  and  size  that  has  been  erected  in  modern  times.  St.  Ge<irge'f* 
C  litaeh  also,  considering  its  size,  is  remarkable  for  the  simplicity  of  its 
design,  and  the  due  magnitude  of  all  its  parts ;  except  that  in  a  few  of 
the  windows  the  work  is  somewhat  too  minute ;  and  their  coniimrative 
feebleness  entirely  proves  what  I  said  just  now,  vis.,  that  you  do  not 
gain  but  lose  in  apparent  magnitude  by  subdivision,  as  soon  as  the 
parts  become  too  sinall  in  themselves ;  and  therefore  all  such  work  as 
that  is  worse  than  thrown  away. 

I  have  already  alluded  to  thr  modem  passion  for  the  foreign 
characteristic  of  height,  and  the  disposition  to  .sacritice  to  it  the  more 


*  Mr.  Garbett  jnstly  sayB,  thai  what  it  is  the  fashion  to  deusiiate  "au  uupre* 
tending  structure,"*  generally  tsMm  one  which  is  only  pretence  alTof*r. 
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English  and  certainly  more  useful  one  of  length.    I  should  say  of 

height,  as  of  ornamentation,  of  course  it  is  a  valuable  element  of 
architectural  effect,  but  it  ought  to  come  last,  not  tir^t  ;  and  I  will  add, 
as  niy  own  opinion,  that  it  ouj2[ht  very  seldom  indeed  to  be  the  IcMding 
characteristic  of  a  large  buildijig;  for  when  it  is,  it  is  extremely  likely 
to  destroy  tiiuL  character  which  everybody  understands  by  the  term 
Repose,  and  which  our  own  long  cathedrali  aeem  distinguished 
above  sll  oUien  in  the  world.  Some  of  them  are  undoubtedly  too 
low  ;  but  too  low  for  their  breadth,  not  their  length ;  and  with  our 
UBoal  discrimination  and  good  taste,  breadth  is  the  dimension  into 
whicli  we  almost  invariably  expand  now  when  size  is  wanted  ;  and 
thus  the  length  is  doubly  overpowered.  T  nTn  «;orrv  to  \\v,\v  to  snv  that 
it  is  |>laia  to  my  mind,  tliat  this  consequence  of  raising  tiie  root  ot  tliis 
St.  Geoi^'s  Church  20  feet  (iu  itself  a  vast  improvement)  besides  the 
wideuiug  the  nave  (which  was  necessary)  was  overlooked  in  fixing  the 
length ;  and  that  the  ground  plans  of  some  other  churches,  which  wefe 
produced  to  proTe  that  the  present  proportions  would  turn  out  rif^ht, 
proved  nothing  of  the  kind  \  because  they  are  none  of  them  so  high, 
if  you  look  at  any  good  pictures  of  the  old  and  new  churches  together, 
with  the  infonnation  that  the  clearstory  walls  are  of  just  the  same 
height  in  both,  and  therefore  by  no  means  of  tiuir  exaggerated  proj>or- 
tion  which  is  atfected  in  Gordon  Square  and  Margaret  Street,  you 
wuLilJ  never  imagine  that  the  new  church  is  16  feet  longer  inside  than 
the  old  one,  and  still  more  outside.  The  old  church  looked  a  long 
one,  and  yet  did  not  look  too  low ;  the  new  one,  everybody  observee, 
is  too  abort  for  its  other  dimensions ;  and  there  is  scarcely  a  modem 
Gothic  ehureh  anywhere,  which  is  not,  especially  if  height  has  been 
aimed  at. 

A  still  worse  fault  of  the  same  fimily  is  the  passion  for  bnilding 
high  spires  on  ba-es  about  half  as  wide  as  tiie  old  ones.  This  vile  prac- 
tice seems  to  nie  to  concentrate  .all  the  bad  taste,  and  pretension,  and 
ign* nance  of  proportion,  which  will  be  recorded  some  day  as  the 
characteristic  of  this  age.  The  architects  profess  to  be  reviving  the 
architecture  of  the  13th  or  14th  centuries— ''taking  that  as  their 
starting  point"  for  further  development ;  and  yet  they  seem  to  have  dis- 
covered that  the  builders  of  Salisbur) ,  and  Norwich,  and  Grantliaro,  and 
Coventry,  and  Louth,  and  Newark,  and  Lincoln,  and  Ely,  and  did  Don- 
caster,  and  all  the  towers  of  the  west,  kricw  nothinpr  of  their  business,  and 
of  flic  proper  width  for  a  tower  in  projioriioj?  to  iis  h('lfT),t.  To  be  snre, 
we  need  hardly  speak  ui  tdwcrs.  becanse  now-a-days  nobody  i-^  sntisfieil 
without  a  spire,  and  the  ijpire  must  be  higher  than  some  oilier  in  the 
neighbourhood  ;  and  as  for  its  width,  it  may  be  anything  the  architect 
likes :  probably  they  think  (if  they  think  about  it  at  all)  the  narrower 
it  is  the  taller  it  will  look,  and  certainly  the  cheaper  it  will  be.  And 
so  has  grown  np  the  plan  of  putting  the  steeple  over  an  aisle,  instead 
of  the  nave,  or  making  a  narrow  transept  on  purpose  for  it,  as  in  the 
rebuilt  parish  church  at  Leeds,  or  putting  it  anywhere  else  where  it 
can  escape  the  necessity  for  being  as  wide  as  tlie  nave,  as  the  old  towers 
almost  invariably  are  where  they  aim  at  any  considerable  height,  even 
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if  they  stand  at  the  corner,  like  that  of  Redclifie,  or  St.  John's  at 
Chester,  or  on  the  transept,  as  at  Fountain's  Ahh"v.  \n  short.  t!H>?i<_^h 
tower-building  wns  alwnvs  the  glory  of  architecture  in  ail  mlxcs  ami 
styles  when  towers  grew  at  all.  thi.^  century  has  hardly  pruiiuceil  a 
single  tower  or  spire  whose  proportions  would  not  be  laughed  to 
flcorn  by  any  of  the  old  steeple-builders,  except  the  towers  of  tlie 
HouMB  of  iWliament  and  of  Doncarter  church ;  the  latter  of  which 
ta  34  feet  aqoare  where  it  rises  from  the  roo6,  and  170  feet  high ; 
and  the  Victoria  tower  is  the  largest  in  the  world,  and  as  it  happens, 
exactly  double  the  height  of  Doncaster ;  the  great  arches  however  are 
only  about  a  yard  higher  than  our  central  ones. 

There  is  only  one  more  physical  cause  of  the  general  failure  of 
modern  Gothic  architecture  which  I  mean  to  si)eak  of.    And  on  this 
one  I  am  glad  to  say  that  I  can  agree  with  Mr.  liuskin  as  thoroughly 
as  I  diflhr  from  him  ahoat  some  others,  especially  his  omameatation 
tlfisories.  The  thing  I  refer  to  now  however  is  no  theory,  bat  a  simple 
matter  of  observation  so  plain  and  obvious  that  there  is  very  little  to 
say  about  it,  except  to  desire  people  to  pay  no  attention  to  theories  of 
perfect  httildiTip:,  but  to  use  their  eyes  ;  which,  however,  is  generally 
the  last  thing  we  le.  rn  to  do.    iSow  everybody  who  does  condescend 
to  learn  in  tliat  way.  will  s^,  the  first  time  he  really  looks  at  any  old 
GoLliic  building  in  good  preservation,  and  at  any  new  one,  that  the  old 
one  is,  as  a  builder  would  say,  shockingly  inferior  in  the  execution  of 
the  work*   He  will  see  no  kind  of  precision  about  the  joints  anywhere ; 
no  edge,  or  arrU  (as  the  builders  call  it),  is  either  quite  a  straight 
line  if  it  professes  to  be  generally  straight,  or  quite  a  regular  curve  if 
it  is  onrved.    Ornaments  of  repetition,  such  as  the  Norman  zigTngs  or 
others  of  that  kind,  and  the  early  English  tooth  moulding  (which  is 
really  four  narrow  leaves  set  in  a  pyramid),  and  tiie  deroratefl  ball- 
flower,  thougli  alike  in  a  general  way,  are  never  exactly  aliko  ;  n(t  two 
of  them  would  fit  the  same  mould,  any  more  than  any  two  ot  the  uiillions 
of  nmiUr  leaves  of  the  same  tree  will.   If  you  take  the  trouble  to 
measure  the  dimensions  of  corresponding  parts,  you  will  find  that  tho 
old  buUders  were  not  very  particular  about  them  either,  so  long  as  they 
were  tolerably  near  what  was  intended.    In  short,  you  WiU  see  what 
will  strike  yon  as  a  genern!  careh»s;*ness  about  executioti  ;  and  usually 
the  int  ijualilies  arc  greater  in  large  work,  heavy  mouldings,  and  bold 
carvings,  than  in  small;  or,  as  Mr.  Ruskiu  well  expresses  it.  the 
execution  is  always  subordinate  to  the  design."    Whereas,  the  pride  of 
modern  work  is  precision  and  JinUh^  as  the  masons  and  clerks  of  the 
worin  will  tell  you  themselves,  and  probably  call  your  attention  to  the 
ezoeUenoe  of  tlidr  performance  in  thst  way,  if  you  give  them  a  chance. 

Now  one  of  these  things  must  be  wrong,  xoa  may  read  Mr. 
Ruskin*s  reasons  why  the  precision  is  wroiifr  and  the  carelessness  right, 
either  in  his  Seven  Lamps,  or  in  the  littlr  tract  On  the  nature  of 
Gothic,  which  he  has  taken  out  of  tlie  Siotirs  nf'  Vniice^  and  publiKhed 
for  sixpence— in  my  opinion  the  most  valuable  part  of  that  overgrown 
and  costly  book.  I  will  content  myself  with  asking  you,  without 
reference  to  any  leaaoning  about  the  matter^  which  yon  think  lookd 
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best  on  the  whole,  the  old  work  with  what  you  think  its  carelessness,  or 

the  new  with  all  its  precision,  and  pointing,  and  ^  cleaning  down  V*  To 
Lord  Paimerston  and  the  classical  architecture  gentlemen,  no  doubt, 
this  very  carelessness  (if  they  ever  observed  it)  is  one  of  the  proofs  of 
liarbarism  of  old  Gotliic,  and  perliaps  they  think  that  the  men  wlio  rub 
up  stones  and  point  tlie  joints  so  nicely,  and  work  such  shaq)  edges 
and  exact  curves,  are  a  much  higher  and  more  iiileiligeiit  order  of 
workoieu  tliuu  the  old  masons,  who  very  likely  could  not  read,  but  could 
work  betlAr  mouldings  and  ornaments  out  or  their  own  beads  tlian  our 
architects  can  design  now,  and  never  stopped  to  see  whether  they  were 
exactly  alike,  or  were  of  any  particular  size  ;  as  no  man  ever  would  who 
is  capable  of  judging  by  his  bndns,  instead  of  his  compasses,  of  the  effect 
he  is  producing.  Hence  too  comes  tliat  curious  fact  which  Mr.  Kuskin 
ascertained,  tliat  even  now  the  workmen  who  are  set  to  carve  orna- 
ments of  their  own  design  (the  best  symptom  of  real  Gotliic  revival 
that  we  have  seen),  not  only  do  them  much  better  and  with  more  life, 
cliaracter,  and  variety,  but  also  much  faster  than  those  who  merely  copy 
drawings  w  models.  I  was  struck  myself  with  the  rapidity  with  which 
Inrops  of  stone  on  our  hnttresses  and  pinnades  at  Doncaster  were  con- 
verted Into  birds  and  beasts^  and  how  the  men  who  carved  in  this  way 
never  added  a  stroke  too  much ;  while  the  smoothers,  and  scrapers,  and 
copiers  of  cLissical  models  of  ornaments  never  seem  to  think  they  Imve 
done  enough. 

I  have  deseribed  in  the  book  beiure  referred  to  how  I  accidentally 
leuriit  that  "  tinislung  is  really  spoiling,  by  finding  a  moulding  lying 
about  which  seemed  to  me  exactly  right,  and  like  an  old  one,  and  being 
told  by  the  man  whom  I  asked  how  it  came  to  be  so,  that  ^  it  was  not 
finished.'^  I  liave  not  time  to  dwell  farther  on  this  point  now,  beyond 
saying  that  with  extreme  difBcnlty  and  in  spite  of  resistance  which  re- 
quired a  very  strong  hand  to  put  it  down,  I  succeeded  in  getting  most 
of  the  work  at  Doncaster  left  unfinished but  in  that  respect  also 
there  is  just  enough  done  in  the  usual  way  to  enable  anybody  to 
judge  ui  liic  difference,  for  the  joints  of  the  nave  pillars  were  pointed 
up  as  usual,  and  present  their  white  lines  like  a  band  of  (taint  at  every 
joint,  and  the  inside  stone  work  was  scraped  ;  wliercas  tlie  great  pillars 
were  not  allowed  to  be  touched  after  they  were  built,  nor  any  of  the 
outside  work  or  window  tiaceiy*  At  St.  James's  nothing  of  the  land 
was  allowed.  I  may  observe  however,  that  where  the  stone  Is 
mottled)  or  has  a  natural  variety  of  colour,  it  may  baftle  even  the 
modem  builder,  and  look  well  in  spite  of  him,  as  is  fortunately  the 
case  with  the  stone  which  wns  used  for  most  of  the  inside  of  St. 
George's  Church,  and  has  a  singularly  good  effect  both  in  the  walls 
and  some  of  the  arches.  All  this  is  equally  true  of  woodwork,  and 
even  of  the  glazing.  Everywhere  precision,  and  extreme  regularity, 
and  smoothness,  are  fatal  to  Gothic  effhct,  and  are  essentially  doll 
and  feeble;  as  indeed  precision  for  its  own  sake,  where  there  Is 
no  object  to  be  gained  by  it,  generally  is  in  other  things  besides 
building.  Of  this  however,  the  vast  majority  of  architects  seem 
to  be  still  profoundly  ignorant  or  incredulous,  though  every  cast 
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in  their  museum,  and  every  Gothic  building  in  tlie  world  leslities 
against  them. 

They  oaav  posBibly,  in  the  vain  hope  of  finding  some  ex  post  fado 
excuse  for  the  practice  which  they  adopt  iat  no  real  reason,  hut  from 

an  ignorant  acquiescence  in  the  Italian  spirit  which  yet  infests  a  great 
deal  of  pretended  Gothic,  ask  whether  I  mean  to  prohihit  the  poiisli- 
ing  of  marble  ;  and  if  T  do,  how  its  proper  effect  is  to  be  brought  out. 
Of  course  I  do  not :  and  for  this  simple  reasou.    Marble  does  owe  its 
effect  to  polish,  and  therefore  |X)lishirifr  is  proj^er  for  it.*    In  tlii^ 
resj)eet  it  is  precisely  opposite  to  stone-work  ;  tor  t)ie  variegation  of 
surface  and  the  colour  of  marble  do  not  come  out  till  it  is  polished  ; 
whereas  the  smoothing  or  regular  working  of  stone  work,  and  the  points 
ing  np  of  joints,  or  any  formal  working  of  them,  destroys  the  variety  of 
surface,  (except  in  the  one  case  which  I  have  mentioned,  and  which  in 
so  far  like  marble,)  and  brings  it  all  to  a  dull  and  dead  monotony  which 
would  spoil  the  best  Gothic  building  in  the  world.    The  artists  who 
make  the  picturesque  views  of  intended  l)uil(rmgs  for  the  architects  arc 
perfectly  nware  of  this,  and  take  as  much  care  to  avoid  all  appeamnro 
of  uniformity  of  surface  and  precision  of  details,  as  tlie  architects  tlK  in- 
selves,  or  the  builders  who  work  to  their  taste  and  approval,  take  after- 
wards to  obtiiin  it :  another  instance  of  the  fallacy  of  architectural 
drawinga.   In  the  days  when  everybody's  views  of  grand  architecture 
were  l&e  Lord  Palmerston's,  even  the  drawers  of  the  old  cathedrals 
thoaght  it  necessary  to  present  them  in  as  much  of  a  classical  dress  as 
they  could  without  altering  their  form  ;  and  if  you  look  at  any  of  those 
pictures  you  will  see  how  completely  they  are  ungothicised,  simply  by 
this  artifice  of  givinpr  a  classiciU  face  to  the  walls,  and  marking  out  tlu" 
stones  into  rf'<2ul;ii  jwittcrns.    IMany  of  the  prints  in  modern  architec- 
tural books  have  the  same  fault,  tiiougli  in  a  less  degree;  and  if  you 
can  find  the  same  thing  drawn  in  tiic  smooth  and  prim  style  in  one  ol* 
tliese  books,  and  truly  drawn  in  iirittoa's  CeUficdraU  or  Anliquilies 
(for  he  knew  better  than  to  improve  upon  the  Gothic  he  was  copying), 
you  will  almost  doubt  whether  it  is  the  same,  so  different  does  It  look 
with  a  Gothic  surface,  and  an  Italian  one.   And  do  not  let  the  archi- 
tects delude  you  with  the  nonsense  that  this  roughness  is  the  effect  of 
age.    That  you  may  dispose  of  in  a  moment  by  the  first  old  building 
you  can  find  (and  there  are  plenty)  in  whicli  tlie  tool-marks  remain 
visible.    Moreover  age  without  nlrsoUite  decay  cannot  alter  the  forms 
and  sizes  of  ornaments  or  mouhiings.  or  make  things  irregular  and 
various  which  were  once  precise  and  nnitorm.    And  still  further,  you 
will  find  that  the  tiat  and  monotonous  modern  work  never  acquires  the 
varie^  of  the  old  even  where  the  stone  is  already  perished,  and  ia 
therefore  older  in  e£fect  than  old  stone  work  which  has  not  perished. 


*  NererCheleM,  I  hays  med  marbte  impolished,  and  should  do  so  again,  for  a 
monumental  slab  set  against  a  wall ;  the  encct  is  certainly  better  Uian  of  the  usual 
poti«hc>(!  OIK  S,  though  the  c«se  Is  different  where  the  marble  is  exprewly  need  for 

ornament  and  colonr. 
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To  be  sore,  the  classical  iiotiou  of  synmuttry,  in  its  strict  sense  of 
uuikiu^  everyiliiiig  on  one  side  match  $oiu€thiug  uu  the  other,  either  ah 
a  reality  or  a  sham,  is  pretty  well  exploded  out  of  Gotbicy  eioept  in 
tlio  miDdB  of  mere  builden ;  and  there  is  almost  more  necessity  for 
patting  in  a  caution  against  the  opposite  extravagance  of  fanciful  and 
ostentatious  departure  from  symmetry  and  uniforoiity.  All  the  argo- 
ments  on  both  sides  from  the  anah)<ry  of  nature  must  end  in  this  : — 
thrit  iirirure  is  never  at  all  symmetrical  in  stationary  objects;  and  even 
in  tiiu>e  in  which  the  symmetry  of  nature  is  constantly  a]>f)«'n!»'<l  lo, 
viz.  animals,  it  is  very  seldom  quite  symmetrical,  and  if  yuu  take  in 
colour,  never.*  But  for  iUl  that,  it  is  of  no  use  disputing  the  uotorioiui 
and  nniveraal  &ot  that  the  eye  is  pleased  with  a  considerable  amount 
of  symmetry  in  bnilding,  as  well  as  with  a  certain  amount  of  variety. 
Some  styles  require  or  admit  more  variety  than  others ;  and  the  differ- 
ence between  an  architect  of  genius  and  one  of  none  is  that  the  latter 
does  not  know,  and  the  former  does,  probably  better  than  he  or  any 
one  eUe  can  e\i)hiiii,  how  far  to  carry  the  symmetry,  and  what  degree 
of  variety  will  be  most  pleasing  and  Iwautiful.  But  it  re(|nirej*  no 
genius  to  find  out  so  much  as  this,  that  e\en  where  the  general  armnge- 
ment  is  symmetrical,  the  subordinate  parts  may  well  be  varied,  as  in 
the  opposite  or  a4iacent  windows  of  ables ;  and  on  the  other  hand,  that 
the  great  leading  features  of  a  boildmg  ought  not  to  be  duplicated. 
Therefore,  the  double  western  towers  of  our  cathedrals  are  always 
rather  narrow,  and  never  very  high  for  the  size  of  the  building ;  but 
the  great  single  one  at  Ely  is;  and  several  of  tlie  double  ones  have 
some  variety  of  rlotnil  }>esides.  The  dupliaition  of  the  huge  steeples  at 
Cologne  is  only  another  of  tliose  "  blunders  worthy  of  a  German,'* 
which,  as  Mr.  Fergusson  observes  uf  some  others,  reduce  that  vast 
cathedral  from  a  work  of  art  iu  the  highest  sense  of  Uie  word  "  to 
nothiug  more  than  the  noble  conception  of  a  mason : "  even  a  single 
one  at  the  west,  like  Hamburgh,  would  have  been  better ;  and  if  one 
of  the  size  of  the  intended  two  bad  risen  out  of  the  middle,  instead  of 
the  trumperv'  lautrrn  sliown  there  in  the  jnctures,  it  would  have  been 
infinitely  finrr,  nntl  would  have  made  t1t<'  transepts  right  also,  which 
areas  much  t*  u  inwjr  without  a  central  tower,  as  those  of  Doncaster 
are  too  short  with  one.| 


*  It  sterna  to  W  &upuutted  tliat  the  ogee  carve,  or  bend  of  contiury  flexure,  must 
be  nght  and  heantilb],  Deeanse  it  is  so  oonunoo  in  nature.  So  ftr  as  I  ean  we,  a 
real  ogee  carve,  oninterrupted  hj  angles  or  nodosities,  is  very  onoommoii  in  nature, 
in  stationary  objects.  I  do  not  say  Uiat  proves  it  to  bo  unfit  for  architecture,  for 
circalar  arci)  are  equally  uooatural.  Bat  the  circle  is  a  form  of  strength,  wherever 
it  is  used  ui  avefaiteetnrftl  eominietMn;  while  the  om  lieHcntisUy  a  cinrre  of 
weakness,  except  on  a  very  small  scale,  or  composed  of  very  few  stones.  Even 
(arrets  with  ogee  tops,  which  are  really  strong  because  of  the  domical  principle 
involved  in  uem,  are  almost  umversally  condemned  to  the  nickname  ot  pcpper- 
boset ;  sod  arehiteetnre  certainly  began  to  ISdl  soon  after  tiie  ogee  curve  began  to 
appear  on  any  large  scti^  v 

t  From  St-  Jamie's  park,  near  iMarlliOiougli  House,  the  Victoria  tower  iu  a  dim 
Iwit  looks  like  a  great  central  tower  of  tlie  Abbey  ;  sod  the  imprDvemem  to  the 
ef  eet  of  theaoi  both  k  striking. 
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T  am  not  sure  how  far  these  and  perhaps  other  physical  ilefects 
of  modern  Gotliic  architechire  are  due  to  tiie  want  of  anytliing  like 
architectural  criticism  :  I  mean  such  eriticisin)  of  individual  buildings, 
completed  or  in  progress,  as  books  and  pictures  undergo.  No  doubt  a 
great  deal  of  that  criticism  is  as  great  rubbish  as  the  majority  of  the  books 
and  pictures  themselves;  but  not  all.  And  I  ciinnot  help  thinking  it 
is  a  misfortune  both  to  the  arcliitects  and  to  the  public  that  they  can 
learn  absolutely  notliing  from  criticism  on  architecture,  because  there 
is  not  only  no  good  criticism,  but  unue  at  all.  1  know  there  arepkMity 
of  magniloquent  descriptions  in  the  newspapers  of  Mr.  So-and-So  .s 
beautiful  church,  consecrated  last  Wednesday,  and  of  the  Halls  and 
Exchanges  which  the  Queen  is  good-natured  enough  to  open,  where 
eveiybody  lauds  everybody,  and  the  architect  goes  to  bed  convinced 
that  in  his  hands  at  least  architecture  is  progressive/*  and  that  the 
architecture  of  the  future"  is  now  really  on  the  point  of  being 
inaugurated,**  as  it  is  always  going  to  be  next  year  by  somebody. 
But  of  course  everybody  understands  tliese  exhibitions  as  mere  local 
gloritications,  which  the  London  newspapers  are  kind  eri(?nrr!i  to  publish 
when  they  liave  nothing  better  to  do.  T  think  it  was  credirat)ie  to  the 
people  of  Doncaster  that  they  took  nu  pains  to  get  up  anything  of  the 
kind,  even  on  such  an  unusual  event  as  the  simultaneous  opening  of 
the  two  new  churches  last  October.  But  on  the  other  hand  the 
absence  of  any  notice  of  such  churches  in  the  daily  newspapeis,  which 
give  118  now  the  best  criticisms  of  books  and  pictures,  proves  what  I 
was  saying,  that  there  is  no  real  criticism  of  architecture.  The  two 
areliiteets'  papers  ]irudently  abstain  fr<»m  much  arr}ntectnr;il  criticism; 
ami  j)rol);ihly  if  they  did  not,  those  <  i  it  leisms  would  generally  be  trae(  d 
to  some  prejudice  or  parii  ility  which  would  be  well  understood  in  the 
profession,  if  nut  out  ui  it. 

The  only  pubUcation  that  I  know  of,  whidi  really  claims  for  itself 
the  rank  of  a  critic  on  the  public  works  of  the  year,  and  this  year  does 
so  expressly  in  contradistinction  to  the  two  professional  journals,  is  the 
Companion  to  the  British  Almanac,  As  you  test  encydopeedias  by 
looking  at  what  they  say  of  the  subject  you  know  most  about,  I  have  taken 
the  trouble  to  read  what  the  Companion  has  to  say  about  tliese  two 
churches  T  have  so  often  mentioned.  If  vou  take  the  same  trouble, 
you  will  see  that,  after  Chiving  the  principal  dimensions  of  tiie  great 
church,  they  tell  tliut  the  new  tower  in  the  geometrical  style  is  cer- 
tainly superior  to  the  old  perpendicular  one,  fine  as  that  was ;  but  that 
they  cannot  approve  of  its  having  been  ^  privately  arranged  "  from  the 
beginning  so  to  change  the  style,  though  the  arrangement  was  kept 
secret  for  three  or  four  years  (which  is  all  a  pure  invention  of  their 
own,  or  of  the  critic  whom  they  hire  for  the  occasion,  as  they  might 
have  learnt  from  any  one  who  knew  tlie  facts,  or  from  my  lecture 
on  the  church,  which  was  published  both  in  the  Dnnruster  Gazrfte^ 
and  in  the  pamphlet  already  referred  to).  Then  conies  a  quantity 
of  nonsense,  compluiaiug  that,  u8  in  maiiy  other  churches  and 
cathedrals,  in  which  there  is  not  width  enough  of  flat  wall,  we  have 
not  de&ced  the  Um€t  with  a  clock  fiice,  but  have  given  the  people 
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(Hmrler-cbiiiies  instwul,  whicli  are  far  more  useful  and  did  not  exist 
before.  Of  course  all  thii>  is  sent  up  by  some  local  malcontent, 
like  the  paragraph  which  has  been  going  round  the  newspapers  about 
the  impoBsibility  of  hearing  in  the  ehiixeh ;  where  any  man  with  a 
good  Toioe  can  be  beaxd  perfectly,  not  merely  from  the  middle  where 
the  pulpit  is,  bat  from  one  end  of  the  church  to  the  other,  169  feet; 
and  some  eminent  siDgers  have  pronounced  it  a  singularly  good  place 
for  sound,  as  is  also  proved  by  the  surprising  effect  of  :i  small  tempo- 
rary organ,  now  in  the  lorner  of  llie  church  farthest  troiu  tlie  congre- 
gation. So  nincii  for  the  (xjwer  of  criticism  of  ihe  Soeielyfor  the 
Diffusion  of  Useful  Ivuowledge,  exhibited  upon  that  building.  Of  the 
other  new  cliurch,  St.  James's,  all  that  they  can  find  to  say  is, 
that  such  a  church  has  been  built,  but  it  it  a  eompartUiifelt/  plain 
stntetttreJ'  I  think  we  need  spend  no  more  time  in  considering  the 
value  of  this,  the  only  annual  commentary  on  the  progress  of  archi- 
tecture in  England. 

T  :\m  aware  that  it  is  becoming  a  fashion  among  the  secof)d  rate 
archilectii  to  say  that  there  is  only  too  mneli  criticism,  and  too  much 
interference  by  **  meddling  wiseacres/'  wlio  will  never  let  the  cultivated 
taste  and  true  genius  of  the  professional  architects  have  a  fair  scope 
for  action.  No  doubt  it  is  a  very  pleasant  theory  that  the  business  of 
sumateor  architects  is  to  find  money  and  praise  for  the  professional 
ones  ;  bnt  it  is  a  little  too  ooe-ddel  to  have  much  chance  <MP being 
adopted  by  those  whose  consent  is'  essential  to  its  success ;  and  so  I 
shall  not  stop  to  argue  about  that.  But  if  it  be  true,  as  these  non- 
interference gentlemen  would  have  you  believe,  that  their  failures  are 
due  to  us,  and  their  successes  to  themselves,  nothing  can  be  easier  than 
to  prove  it  and  have  done  with  it.  Why  don't  they  say,  "  Here  is  such 
a  building :  these  were  my  drawings  for  it,  but  Mr.  Denison,  or  Mr. 
Somebody  els^  would  insist  upon  altering  them  in  this  way,  and  now 
yon  see  how  it  is  spoilt?  If  they  did  that,  and  allowed  that  any 
considerable  number  of  buildings  really  are  spoiltby  interference  of  that 
kind,  they  would  prove  their  case,  and  we  should  have  very  little  to  say 
for  ourselves.  But  unless  they  can,  they  had  far  better  have  held  their 
peace  than  ventured  upon  this  siugnlarly  perilous  defenre.  For  if 
they  will  drive  us  to  try  that  issue,  w  lucU  of  their  works  will  they 
select  to  try  it  by?  Indeed  the  proportion  of  cases  in  wiiich  their 
plans  are  altered  or  interfered  with  is  so  small,  that  even  if  Uie  inter- 
feience  always  made  them  worse,  still  the  general  character  of  modern 
architecture  would  not  be  sensibly  affected  by  it.  But  small  as  that 
proportion  is,  will  any  architect  venture  to  say  that  those  buildings  are 
wone  than  the  many  in  which  they  have  entirely  their  own  way, 
sometimes  with  as  little  restriction  on  the  eo«;t  as  the  design  ?  If  inter- 
ference is  fntfil  to  suree^s,  it  is  toleriltlv  notorious  titat  the  two 
churches  whu^e  pictures  are  beliind  me  ought  to  l)e  the  greatest  of 
modern  failures.  But  I  do  not  want  to  press  this  point,  because  it  is 
impossible  to  say  all  that  mipht  easily  be  said  upon  it  without  involv* 
log  tlie  better  class  of  architects  (who,  as  lar  as  I  have  seen,  do  not 
join  in  tbia  foolish  outcry  against  the  amateuis^^in  the  folly  of  the  bad 
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ones,  wli(»  never  did  anything  fit  to  be  seen  in  their  lives,  and  natu- 
raUy  want  to  find  somebody  else  to  throw  the  blame  upon,  and  expect 
probably  that  no  one  ivill  take  the  trouble  to  expose  the  trick. 

But  as  I  am  speaking  of  architectural  literatare,  I  wiU  mentioii  a 
iacty  from  which  some  inferences  will,  no  donbt,  present  themselTes  to 
you  without  my  lengthening  this  lecture  to  extract  them  :  I  mean  the 
singularly  small  proportion  of  book»  professing  to  teach  any  principles 
of  architecture,  wltich  are  written  by  tlio  present  architects.  There  is 
that  Rudimentary  Treatise  of  Mr.  (iarbett's,  to  which  I  have  several 
times  refiTred,  and  which,  I  agree  with  Mr.  Fergu.«<soii,  contains  "a 
great  deal  of  common  i»ense  criticism  though  probably  neither  ha 
nor  I  should  be  inclined  to  endorse  the  whole  of  it ;  and  Mr.  Pen- 
rose's celebrated  inv^tigation  of  the  principles  of  constmcttOD  of  the 
Greek  temples,  of  course,  lielongB  to  the  class  of  scientitic  works  on 
architecture.  But  besides  these,  I  do  not  know  any  book  by  a  living 
architect,  which  does.  Mr.  Scott's  two  boolLs  are  written  more  for  the 
purpose  of  advo<»ating  particular  ojjifnons  or  views  of  arcliitecture, 
(witii  which  fur  tlic  most  part  T  ajzrcc)  than  of  teaching  if  ;  and  Mr. 
Street's,  on  ludian  architecture,  beh)iigNi  ratiier  to  the  cla^i>  of  descrip- 
tive books  than  of  scientific.  (IW  tlie  bye  1  am  glad  to  hitd  that  both 
there  and  elsewhere  he  has  disclaimed  the  idea  of  exalting  Italian 
Gothic  above  Northern ;  as  it  seems  Mr.  Ruskin  also  has  of  late, 
and  says  that  he  nerer  had  that  intention,  which  was  very  naturally 
imputed  to  him  by  probably  every  reader  of  the  Stones  of  Venice.)  It 
is  hrirdly  worth  while  to  enumerate  as  architectural  works,  tlie  various 
small  decoctions  of  Kickman.  and  older  writers  on  the  Gothic  Styles 
and  the  (  lassical  Orders  :  ami  on  tlu*  whole  it  appears  that  the  profes- 
sional architects  have  a  very  small  array  of  literature  to  set  against  such 
books  as  tiie  Seven  JLamnaov  the  Stones  of  Venice,  Mr.  IVtit'ti  several 

books  on  Architecture,  Mr.  Freeman's  History  of  Architecture,  Mr. 
Farker^s  Glossary,  and  other  works  edited  by  him,  Professor  Willis's 
several  treatises  on  Bfediaeval  buildings,  and  Dr.  Whewell's  on  French 

and  German  Churches.  And  if  none  of  these  had  been  written,  that 
truly  woTiflcrful  "Handbook"  of  Mr.  Fergiisson*s,  would  be  alone 
sufficient  to  turn  the  scale  in  favour  of  the  ainateure  against  all  the 
proii  ssional  literature  of  the  present  generation. 

It  is  no  less  remarkable,  that  of  all  these  books,  professional  and 
unprofessional,  there  is  literally  not  one  that  is  expressly  devoted  to 
that  style  of  architecture  which  some  of  our  Fta*liam6ntary  professors 
of  the  fine  arts  assure  us  is  the  only  style  fit  to  be  cultivated  by  e 
civilised  nation.  For  the  Greek  style  is  now  almost  as  universally 
abandoned  or  altered  into  something  very  difierent,  as  it  was  univenally 
believed  in  nnd  talked  about  fifty  years  ago.  P(  rlt  ips  the  time  is  nc^ 
so  far  ofl'  as  some  peoplo  iu  Mtrine,  when  it  will  only  (><•  iliought  a  few 
degrees  less  absurd  for  the  ^vortliern  nations  to  throw  away  thtir 
own  architecture,  and  imj)ort  an  older  one  from  latitude  43",  than 
it  is  already  seen  to  be  to  set  up  the  style  of  36''  as  the  only  grand 
style  of  building  for  the  whole  world,  from  Athens  to  Edinbuigh  and 
Washington.  ^ 
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After  six  years'  e.\(H,*rienoe  in  building  at  Donciister,  besides  a  little 
elsewhere,  I  am  convinced,  without  meaning  thereby  any  reflection 
upon  architects,  that  there  can  be  no  good  building  anywhere  unless 
thm  is  somebody  constantly,  or  at  any  rate  very  frequentty,  on  the 
spot,  who  has  what  we  may  call  an  arcfaitectuial  eye,  and  the  power  to 
8top  at  once  anything  which  he  sees  is  going  to  turn  ont  wrong.  I 
know  that  it  is  one  of  the  oommon  fidlacies  inculcated  by  architects, 
that  you  cannot  tell  until  things  are  done  whether  they  will  look  well 
or  ill.  Why  not,  I  should  like  to  know  ?  Do  they  expect  us  to 
In^lieve  that  a  man  sitting  in  Lrond(»ti  and  drawing  an  elevation  of  a 
pu»nacle,  or  a  section  of  an  arch,  knows  better  how  it  will  look  in  its 
place,  than  otlier  men  who  see  it  begun  upon  the  spot,  and  see  that  it 
looln  wrong  already  ?  I  say  *^  already,"  fbr  th«re  is  nothing  I  am 
more  certain  of  thim  that  a  tlnng  whidi  looks  uglv  already,  is  not 
going  to  look  beautiful  when  soniothing  more  is  added  to  it.  Old 
mins,  which  are  simply  incomplete  buildings,  are  not  ugly.  Of  course 
a  man  must  know  how  to  distinguish  botween  ugliness  and  inconipl^'te- 
fii'ss  of  proportioTiN' :  but  supposing  that  he  does,  and  is  gencr;ill\  a 
person  wiiose  jiulguient  of  a  finished  building  is  likely  to  be  right, 
tlien  I  would  rather  have  his  opinion  of  the  promise  of  a  building,  or 
any  part  of  it,  long  before  it  is  finished,  than  of  the  best  architect  who 
has  nerer  seen  it,  nor  even  any  correct  view  of  it.  For  remember, 
that  sneh  a  thing  as  a  correct  view  of  a  building,  as  it  will  look,  is 
never  made,  or  so  rarely,  that  tlie  exceptions  are  not  worth  regarding. 
You  have  seen  what  Mr.  Garbett  says  of  the  artistic  or  perspective 
view,  wliioli  is  p'eTierally  made  of  an  intended  building,  from  what  is 
expected  t<i  lu  tin  best  point  of  view.  But  this  is  not  the  building 
plan  :  it  is  the  captivatincr  pi<'ture,  which  no  doubt  every  honest  archi- 
tect believes  will  turn  out  a  tmo  one  also,  at  least  as  far  as  it  extends; 
but  whether  it  will  or  not,  depends  on  whether  the  sections  and  eleva* 
tions  made  afterwards  by  himself  or  his  clerks,  are  really  such  as  would 
be  accurately  translated  into  that  perspective  ;  and  generally  they  are 
not  Moreov  er,  the  greatest  part  of  the  details  are  never  designed  or 
drawn  at  all  as  they  will  appear;  I  mean  in  such  perspective  as  they 
would  present,  if  rlrriwii  from  aottinl  view  in  their  places.  I  know  it 
would  involve  a  l^i  kkI  deal  of  trouble  to  do  this ;  but  so  it  does  to  do  niost 
things  well.  In  old  times,  when  the  people  on  the  spot  designed  and 
saperiutcuded  the  details,  the  absence  of  accurate  drawings,  or  of  any 
diawiogs,  did  not  signify.  But  the  case  is  very  diflRBrent  now  that 
nobody  with  any  more  knowledge  or  taste  than  is  required  for  ^  setting 
out  work  is  allowed  (if  it  can  be  prevented)  to  intervene  between  the 
architect  in  London,  or  his  clerks  who'make  his  working  drawings 
according  to  the  stereotyped  rules  of  the  office,  and  the  masons  who 
tnni  t!tf  rn  into  stftjie.  You  would  bo  astonished  if  I  were  to  tell  you 
the  nui!il>pr  of  in«^tances  in  which  workitj^-  drawings  of  details  were 
sent  down  tu  i.)uucaster,  wliich  it  was  discovered,  sointtiines  just  in 
time,  and  sometimes  too  late,  would  produce,  or  had  produced  a 
totally  diffiBrent  efibct  from  that  of  the  general  drawings  of  the  whole, 
even  in  points  to  which  particDlar  attention  had  been  directed.  For 
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thcso  reasons  I  am  coiivincctl  that  botli  architecture  and  archite<'tM 
vnuM  be  gnmt  <^aiiu'rs,  it"  there  were,  not  fewer,  but  many  more 
people  whu  iiaJ  ability  and  power  to  interfere  with  Imildrngs  while 
they  are  in  progress,  and  with  the  designs  beforehand,  at  least  to  the 
extent  of  leqalring  alteradooe  to  be  made  where  they  eee  that  tbe 
thing  will  fail  and  be  a  blemiBh  if  it  is  not  altered.  At  the  same  time 
I  am  aware  that  architects  have  sometimes  diiBcttltj  enough  at  present 
in  working  down  to  the  luid  taste,  capriciousness,  ostentation,  stingi- 
ness, and  vulgarity  of  tlieir  ejnployers;  and  that  nlthoiifrh  competitions 
have  somo  adv iir't  iL:*  thry  are  very  likely  t<»  iitcreuiie  liic  flifficuUy  of 
architects  in  dc  iuning  what  they  know  will  luuk  well;  as  xWs  will  be 
sure  to  speculate  upuu  the  probable  prejudices,  bud  taste,  and  ignorance 
of  the  majority  of  the  judges,  and  thrir  almoet  certain  inexperience  in 
judging  of  architectnral  drawings,  and  ^1  bmt  their  designs  accord- 
i.ig^y  or  they  might  as  well  save  the  trouble  of  making  them. 

I  believe  the  progress  of  Gothic  architecture,  rapid  as  it  h;is 
been,  would  have  been  more  rapid,  and  at  any  rate  more  complete  as 
it  went  on,  but  lor  the  impatience  which  is  one  of  the  ehardCteristics  of 
these  times.  1  do  not  mean  merely  that  kind  of  impatience  which  is 
evinced  by  those  who  told  the  Gothic  architects  only  eighteen  years 
ago,  that  tiiey  must  *  be  content  to  lay  the  foundations  of  an  edifice 
^  which  fiUure  generations  shall  see  completed,  and  to  toil  for  tiie 
*  recovery  of  hidden  principles  and  lost  harmonies  which  the  master 
'  spirit  of  a  succeeding  age  may  awaken  into  life  ; '  and  then,  within 
less  than  half  the  time  of  a  single  generation,  turn  round  upon  the 
men  who  have  beer)  so  toilincr.  and  declare  that  thev  can  wait  no 
longer;  and  that  they  are  uow  cunvincinl  that  some  unknown  and 
scarcely  imagined  compound  of  the  Classical  and  Gothic  styles  is  the 
thing  to  toil  after  and  harmonise.  This  particular  phase  of  impatience 
may  not  be  common  ;  but  when  we  think  of  the  Tarietv  of  afdutectuiml 
fashions  which  have  now  flourished  within  less  time  than  was  occupied 
by  the  shortest-lived  of  all  the  old  Gothic  styles,  we  must  come  to  the 
conclusion  that  our  arcliitects  are  either  much  cleverer  than  the  old 
ones,  or  else  much  more  impatient.  At  one  time  Early  Rnirlish  was 
the  style  in  vogne.  for  all  cheap  churches  especially,  the  i)ubiii'  or  the 
arehiteets  supposing  that  as  there  was  no  tracery  to  make  for  the  win- 
dows it  must  be  the  easiest  and  cheapest  of  all  the  pointed  styles.  By 
degrees  they  found  out  that  it  is  probably  the  hardest  to  do  well,  and 
very  fiur  from  the  cheapest  if  it  is  to  be  done  with  anything  like  the 
mattsiveness,  and  depth,  and  number  of  shafts,  and  mouldings  of  the 
real  Early  English.  So,  instead  of  learning  to  do  It  properly,  or  pay- 
ing for  having  it  doiie  well,  there  was  next  a  run  upon  the  latest  style  ; 
and  for  a  time  everytliing  was  Perpendicular,  varie4  occasionally  with 
the  most  distant  extreme  of  Norman,  wliieh  was  supposed  to  be  a 
sunple,  easy,  and  neat  style  for  small  village  churches ;  and  being 
often  executed  in  white  brick,  and  the  stone-work  always  done  with 
the  precision  of  the  modern  Perpendicular,  the  result  was  certainly 
such  as  to  justify  any  degree  of  impatience  in  flying  away  from  that 
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mode  of  huil'liiig  as  ra])idly  as  jkossihle.  I^y  degrees  the  contest 
i!>«einf(i  to  settle  itself  belween  the  i  luwing  or  late  Decomted,  ami  the 
Geonietrical  or  early  Decorated  styles,  and  the  early  one  gradually 
prevailed ;  and  I  ara  certainly  far  from  complaining  of  that  victory. 
Bot  now  thai  it  ig  gaioBd,  have  we  made  the  proper  use  of  it  ?  The 
other  four  styles  were  one  by  one  dismused,  or  abaadoDed,  not  eo 
much  because  people  were  dismtiafied  with  the  genuine  old  specUnene 
of  thetii,  but  because  the  new  ones  were  manifestly  defective  ;  and  is 
m it  the  same  thin now  takinfj  place  with  the  ( Jeometrical  ?  Kever 
iniiid  whether  you  agree  with  me  tliat  it  wa^  the  best  of  the  old  oties, 
but  a^suiiu'  wliichever  you  like  to  have  been  the  best  :  still  the  .same 
question  may  be  ai^ked,  was  tlmt  best  style  ever  fairly  tried  by  niudcru 
architects  who  had  really  mastered  its  prineiples  and  spirit,  before  it 
was  thrown  aside  to  try  something  else?  If  it  was,  let  them  tell  us 
where  we  are  to  find  the  specimens.    I  confess  I  do  not  know  them. 

A  few  years  ago  came  in  the  marble  and  colour  mania,  imported 
principally  by  Mr.  Kuskin  from  Venice;  a  magnificent  discovery  for 
the  architects,  but  not  so  certainly  for  architecture  just  at  presefjt  :  ff>r 
tiie  apparently  inevitable  etft  ct  of  a  race  for  colour  seeuis  to  lie  iliat 
it  makes  people  more  careless  about  form  than  ever ;  and  no  one  I 
think  will  say  that  the  knowledge  of  architectural  fonn  and  pro« 
portion  is  in  raeh  a  highly  advanced  state  that  we  can  afford  to  let  it 
take  its  chance  fiir  a  ww  years  while  we  are  speonlating  in  some  other 
element  of  beanty,   I  am  far  from  objecting  to  the  introduction  of 
marble  shafts,  orgraoite  pillars,  wherever  people  like  to  pay  for  them  : 
but  if  they  fancy  that  a  building  otherwise  bad,  feeble,  and  in  short, 
ungotliic,  will  be  made  into  a  good  one,  capable  of  giving  lasting  satis- 
faction or  pleasure,  by  putting  in  a  certain  quantity  of  marble  instead  of 
stone,  they  will  be  miistaken,  and  will  find  that  the  chuir  ot  fSelby,  and 
the  nave  of  St.  Alban's,  and  fifty  other  whitewashed  churches,  are  still 
perversely  admired,  while  all  their  beautiful  colours  are  despised.  A 
JaHion^  the  same  is  true  of  painting ;  for  marble  being  composed  by 
nature  is  sure  not  to  be  bad  in  itself,  whereas  painting  has  an  unlimited 
capacity  for  badness  in  itself,  and  unfitaeis  t<at  its  plaoe  besides.  Tlie 
l^ady  Chapel  at  Chester  is  jii-^t  disclosing  a  pleasing  prospect  for  o?ir 
cathedrals^  if  the  paiuting  mania  lasts  a  few  years,  tirul  is  failtivah  d 
with  the  Siime  moderation  as  we  usually  dis)>l;iy  in  fuUowmg  whatever 
happens  to  be  the  fashion.    For,  to  begin  wiiit,  titev  are  paiuting  and 
gilding  some  of  the  arches  in  the  style  of  that  splendid  daub  in  the 
Ciystal  Palace  on  the  copy  of  a  door  at  Bochester,  which  at  any  rate  is 
directly  contrary  to  Hr.  Busldn's  apparently  correct  remark  that  in 
nature  colour  never  follows  the  lines  of  form,  but  rather  runs  across 
them  ;  to  siiy  nothing  of  its  hiding  the  stone  entirely,  and  making  it  no 
better  than  plaster.    But  they  have  far  surpassed  this ;  for  tlie  wall 
itself  is  painted  stone  colour,  and  marked  ont  into  an  uneummouly 
l^  h  kI  iaiitation  of  onr  old  friend  the  clinrrli^\  anieu  style  of  the  Geor- 
giau  era;  only  to  redeem  it  iium  that  character,  a  red  Aries,  cyo^ 
painted  on  every  joint,  of  course  of  the  most  uniform  and  exact  pattern  ; 
from  which  the  beholder  is  to  underotand  that  these  very  stone-like 
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divisions  are  not  intended  lor  sIkihi  t-lonos  at  all,  hut  are  ojiiy 
gestive  of  eonstructiun,  '  and  lie  cannot  iail  to  admire  it  besides  a»  a 
rehued  and  highly  inventive  specimen  of  architectural  polychromatic^. 
I  know  perfeeay  weU  that  Mr.  Sootf  s  last  book  indicates  tbat  there 
is  some  old  authority  for  something  of  Uiis  kind*  There  always  is  for 
the  worst  things  that  are  done.  And  considering  the  discrimination 
with  which  the  one  ridiculous  or  feeble  example  is  generally  selected 
for  imitation  out  of  a  hundred  good  ones,  the  eclectic  theory  (which  is 
one  of  {he  latest  fashions  of  the  season)  seems  likely  to  introduce  us  to 
some  very  striking  novelties  indeed. 

I  am  not  sure  that  I  know  wiiat  that  imposing,  but  only  plagiarised 
phrase,  *'  the  architecture  of  tlie  future"  means ;  and  even  those  who 
are  fondest  of  using  such  pieces  of  cant  magniloquence  have  not  always 
a  very  distinct  apprehension  of  their  own  meaning ;  but  I  am  tolerably 
certain  that  if  it  means  a  style  of  architeetnre  which  is  to  last  as  long  as 
the  shortest  of  the  old  styles,  or  to  have  any  chance  of  being  treated 
with  respect,  or  looked  at  with  satisfaction  when  the  future  lias  become 
the  past,  as  all  the  genuine  styles  of  old  still  are,  it  must  be  something 
very  different  from  what  is  eontempiated  by  mir  present  seers.  Vitru- 
vius,  the  great  authority  on  the  classical  styles,  is  quoted  by  Evelyn  as 
saying  that  among  the  twelve  tilings  which  an  architect  ouijiit  to  know 
is  astrology.  I  wonder  from  what  signs  it  is  divined  that  a  new  archi- 
tecture, to  be  celebrated  in  foture  ages  as  the  Victorian  style  (for  so  it 
has  ]>ecm  already  christened  by  persons  who  are  too  impatient  even  to 
postpone  that  ceremony  till  the  usual  time),  is  so  near  the  ascendant 
now.  I  cannot  help  thinking  that  we  are  more  likely  to  glide  into  a 
new  style  (if  there  is  ever  to  be  one  again  deserving  the  name)  by  learn- 
ing first  to  stand  :i  little  more  firmly  on  the  old  ground,  from  which 
most  i)eople  now  agree  tliat  we  must  take  our  start,  before  we  are  in 
such  a  hurry  to  take  it.  If  the  new  style  is  to  be  a  composite  one,  it 
is  not  verv  likcl)  to  be  developed  except  by  men  wiiu  sliow  by  their 
works  that  they  are  thoroughly  master  of  the  others  from  which  it  is  to 
tie  compounded.  We  are  a  little  too  ready  to  assume  tttat  a  knowledge 
of  dates  and  facts  and  measures,  and  all  the  history  of  architecture, 
(which  is  probably  greater  now  than  ever,)  is  a  proof  of  a  practicsl 
mastery  of  principles :  but  knowledge  is  not  necesnrily  power,  in  spits 
of  competitiTe  examinations. 

The  last  cause  of  dissatisfaction  with  modern  Gothic  bui Idling 
which  I  have  to  notice  is  of  just  the  opposite  kind  to  that  of  imj  uitut 
running  after  novelties,  whether  "antiquated  novelties,"  or  noveltits  of 
invention,  which  I  have  been  complaining  of  just  now.  It  is  too  often 
forgotten  tiiat  arcliitectnre  is  not  aichsBoTogy,  nor  ecdesiology  either ; 
and  many  foolish  things  are  set  down  to  the  credit  or  discredit  of  Gothic 
architecture,  which  it  has  notliing  in  the  world  to  do  with,  except  that 
somebody  has  chosen  to  embody  his  own  antiquarian  or  ecclesiastical 
fancies  in  a  Gothic  building.  I  fully  appreciate  the  obligations  of 
Gothic  architecture  tu  the  arelKeologists,  who  saved  many  a  fine  build- 
ing irom  being  burnt  into  mortar  like  the  greater  part  oi  that  most 
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beautiful  of  niius,  St,  Mary's  Abk)€y  at  York,  at  a  time  when  almost 
everybody  thought,  at»  Lord  i'almerstOQ  and  his  adherents  still  do,  that 
G  othie  ftiehitecture  wai  a  felic  of  barbarum.  And  the  modeni  advanoe 
of  architecture  in  tlw  only  style  which  has  advanced  is  ondoulHedly  duo 
in  a  great  degree  to  Uie  ecclesiologists.  But  for  all  that  we  cannot 
afford  to  let  either  of  them  be  our  masten.  Architecture  is  the  art  of 
erecting  new  buildings  for  use  and  beauty  ;  even  Mr.  Ruskin,  with  all 
lii,<  love  of  decoratio]),  puts  use  and  fitness  fur  its  purpose  as  the  first 
Condition  to  he  sati^tird  by  a  building,  though  of  course  not  the  only 
one.  Arcliteolug)  (ho  iar  as  it  relates  to  our  business)  deals  with  the 
preserving  of  old  buildings;  a  very  good,  but  a  very  different  thing; 
and  eodeaiology  is  obviously  more  dufieieDt  still ;  and  at  any  late  it 
has  nothiiig  to  do  nith  civil  arehitectnre,  about  which  the  fi^t  iiappeiis 
to  be  just  DOW ;  for  our  opponents  say  tiiat  we  liave  carried  the  eodesi- 
aatical  and  eleemosynary  position^  even  the  Protestant  Dissenters 
having  now  joined  us  in  it ;  the  Romanists  alone  seem  to  be  discovering 
that  the  arehiteotiire  of  iionie  after  all  suits  their  purposes  the  best.* 
and  if  is  remarkable  that  their  modern  Gothic  buildings  are  ^t  ldoiti 
among  the  be^t  specimens  ;  there  are  many  better  dissenting  chapels. 

I  think  therefore  that  everybody  who  feels  interested  in  the  pro- 
gress of  arcliitectare  ought  to  resist  all  attempts  to  overwhelm  and 
ehoke  it  by  either  ecclesiastical  or  antiquarian  pedantry.  There  is 
nothing  lil»B  a  real  example :  so  there  is  a  certain  city  where  the 
people  of  common  sense  are  just  now  protesting  against  a  scheme  for 
building  a  set  of  now  stalls  withitf  the  line  of  almost  the  thickest 
pillars  in  quite  the  narrowest  cathedral  ehoirin  England;  using  there- 
fore less  than  a  third  of  the  entire  width  of  the  church  for  sitting 
room;  and  idl  for  the  sake  ot  indulging  a  vision  of  four  and  twenty 
canons  all  of  a  row,  who  it  is  hoped  wul  some  day  occupy  them ;  and 
wlien  they  do,  it  is  supposed  th^  will  not  look  so  imposing  if  a  couf^e 
<^  pillars  are  allowed  to  inteitect  the  array  as  if  it  is  perfectly  con- 
tmuous.  And  yet  the  people  who  do  these  things  talk  about  the 
adaptability  of  Gothic  to  all  forms  and  all  uses.  How  do  they  expect 
anybody  tft  believe  it,  who  is  inclined  to  disbelieve  it,  when  they  give 
him  such  advantages  ?  And  how  are  othen?  to  fight  their  battle  for 
them,  when  they  dare  not  stir  a  step  f<jr  themselves  to  do  what  would 
be  rational,  convenient,  and  bcauuiui,  (if  well  done,)  because  they 
know  no  precedent  for  it  ?  " 
That  is  a  case  of  what  I  call  the  pedantry  of  ecclesiology.  Here  is 
another  of  archaeology,  perhaps  in  the  most  ridiculous  form  in  whidi  it 
ever  presented  itself.  The  well  known  tower  of  St.  ^Mary's,  Taunton, 
has  ceased  to  exist.   £tiam  periere  rmntB :  for  not  only  was  the  fabric 


*  A  paragraph  to  this  elfect  has  Ueeu  going  round  ilie  ncwsiHiperg  on  the  autho- 
rity of  Dr.  Ii^wniflo;  and  it  has  long  appeared  to  me  that  nothnig  coold  be  more 

natur.il,  as  all  the  authorilios  af^rt'e  that  (Gothic  arcliitcctiire  iievor  toolv  any  real 
ffxit  in  Italy  But  these  results  are  a  singular  end  of  all  the  nonsense  we  used  to 
kar  uliout  Gothic  being  essentially  Popish."  We  shall  see  whether  prooouacii^ 
it  cMBstiaily  barfaaiou  sniweni  any  better. 
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toorainoosto  flftatid,1iut  the  individual  stones  were  too  much  decayed  to 
be  rebuilt.   Otherwise  it  would  have  been  a  proper  case  for  mere  resto- 
ntion,  within  the  dominion  of  archaeology^  and  out  of  that  of  architec- 
ture in  its  proper  sense,  which  implies  the  designing  of  soniethiag 
new.    Now.  although  this  tower  wns  a  fine  one  for  its  age,  it  was  of  the 
very  worst  (xothic  age  ;  and  allhuugh,  from  tlu^  efforts  of  time,  and  its 
sizi',  aiul  gciionil  fh^gancc  of  outline,  it  was  on  tlic  wliole  beautiful,  still 
iUs  i'aults  were  t>u  notorious  aud  glaring  tixat  liiey  lia\e  always  been 
admitted  even  by  the  writers  who  have  most  eelebrated  it.   It  is 
enough  to  say  that  the  buttresses  were  feeble  in  projection,  the  arrange- 
ment of  the  four  and  twenty  windows  the  most  monotonous  of  all  the 
towers  in  England — in  fact  it  could  not  jMMsibly  have  been  more  so  ; 
the  upper  part  looked  top-heavy^  and  the  decoration  of  it  was  of  the 
most  unimaginative  cliaracter.    Yet  two  of  our  first  architects  are 
now  employed  to  build  up  a  copy  of  this  tower  exactly  as  it  was ;  or 
as  near  as  they  can  make  it.    ¥ot  as  in  all  copies,  of  course  the  faults 
will  be  more  apparent  and  the  beauties  l^s.    Even  if  that  were  uot 
certain,  still  the  defects  of  the  qld  tower  are  precisely  thoae  which  wUl 
be  more  glaring  in  a  new  copy  of  it;  because  the  monotonousness  of 
this  late  perpendicular  style  is  always  strikingly  aggravated  by  restora- 
tion in  new  stone ;  as  is  painfully  apparent  at  St.  Mary  Redcliiflfey  where 
one  can  Imrdly  believe  that  the  old  work  ever  was  like  the  new,  which 
is.  or  at  least  professes  to  be,  exactly  copied  from  it.    The  new  tower 
will  liicrefore  inevitably  not  look  lilce  the  old  one,  and  will  inevitably 
look  worse.    And  for  this  of  coun»e  the  architects  will  be  blamed, 
probably  by  the  foolish  people  who  have  Insisted  on  or  acquiesced  in 
the  rebuilding  as  much  as  anybody.   And  they  will  deserve  it  If 
nobody  at  Taunton  has  the  sense  to  know,  they  have,  that  the  idea  of 
regarding  a  new  copy  of  an  old  building  as  an  antiquity  is  an  absurdity 
below  the  reach  of  ridicule.    They  cannot  but  know  that  the  copy, 
however  good,  will  be  no  copy,  because  it  cannot  resemble  what  t(jyB 
old  tower  bnn  a))peared  to  every  person  who  ever  set  eyes  upon  it  fur 
the  last  two  liundred  years,  aud  probably  much  longer,  and  that  people 
who  are  silly  enough  to  expect  it  must  be  deceived.    They  will 
deserve  the  blame  of  the  inevitable  fiulure  for  another  reason  too ; 
because  they  are  descending  from  the  position  of  architects  to  that  of 
mere  clerks  of  the  works,  having  only  to  see  that  the  builder  copies  a 
certain  model,  not  designed  by  them,  but  by  another  arcliitect  in  the 
time  of  Henry  VII.,  and  a  model  worse  than  either  of  them  could 
design  if  left  to  himself. 

Tlie  precedent  of  Doncnster  enables  me  to  say  this  with  coiitidence 
resi)ectin<i:  uiic  of  tliose  architects  ;  and  I  have  no  doubt  about  it  with 
regard  to  the  oilier,  Mr.  Ferrey.  That  case  was  a  far  more  trying  one 
than  Taunton,  for  the  old  Doncaster  tower  was  much  earlier  in  date  and  * 
absolutely  fiiultless  for  its  style ;  indeed  it  was  the  well  known  bmuty 
of  the  tower  whicli  raised  the  wonderful  subscription  of  nearly  £40,000 
for  the  rebuilding  of  the  church,  the  rest  of  which  was  poor  enough,  as 
everybody  could  perceive  when  the  tower  was  no  more.  But  for  all 
that,  we  ultimately  determined  to  change  the  style  in  the  new  tower. 
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as  I  liad  expected  from  the  beginning  that  we  should  when  the  superi- 

ority  of  the  ^eoTnetricol  or  early  decorated  style  had  shown  itself  in 
the  bfMlv  of  X\\v  ehurcli :  and  von  have  seen  that  cert.iijilv  no  favour- 
able  critic  admits  that  the  new  tower  is  superior  to  the  old  one.  It  is 
however  very  singular,  and  it  may  bo  aJiotiier  warning  to  the  Taunton 
people,  that  Uiere  is  one  ^H>iiit  in  which  it  has  miscarried,  and  tiiat  is 
jaat  the  one  in  which  we  were  assured  that  the  old  arrangement  had 
beCD  followed  most  exactly ;  but  it  turned  out,  when  the  failure  was 
pero^  ed.  too  late,  that  the  clerk  who  had  professed  to  measure  the 
ruins  had  just  left  out  one  critical  measare;  which  was  accordingly 
tilled  up  in  the  new  tower  by  a  guess  ;  and  that  guess  was  wrong,  and 
has  made  the  crown  of  pinnacles  too  wide,  as  the  tops  of  the  later 
towers  generally  were,  but  ^ts  the  earlier  and  better  one  of  old  Don- 
caster  church  was  not.  If  then  a  tower  of  tiie  best  age  of  the  per- 
pendicular style  could  be  improved  where  the  design  w;ts  avowedly 
altered  (retaining  however  the  same  general  outline  and  character), 
and  has  only  coma  short  of  the  old  one  where  no  alteration  was  in- 
tended, it  will  be  a  strange  thing  indeed,  if  a  tower  of  the  worst  per- 
pendicular age  could  not  be  still  more  improved  when  it  has  become 
necessaiy  to  rebuild  it.  And  further  I  oay  that  the  wilful  refusal  to 
endeavour  to  improve  it  because  improvement  is  alteration,  is  as 
monstrous  an  instance  as  cotihl  be  conceived  of  areliiteetHrf  being 
over-ridden  by  a  '^liam  archaeological  pedant n*,  nnd  no  ridicule  can  be  too 
great  for  either  those  who  require  it,  or  those  who  coodesceDd  to  do  it. 

Such  are  the  causes  which,  as  I  think,  have  retarded  and  are  still 
idardiDg  the  efficient  revival  of  what  was  for  four  oenturiea  and  more 
the  aiciiiteetiiTe  of  all  kingdoms  north  of  the  Alps,  Which  bad  any ; 
the  only  architecture  which  ever  was  in  them,  indigenous,  progressive, 
universal ;  serving  for  all  purposes,  and  adapting  itself  equally  well  to 
all ;  fettered  by  fewer  restrictions  than  any  architecture  that  the  world 
has  seen ;  capable  perhaps  yet  of  exj)ansion  beyond  whnt  wns  then 
thoup'ht  of  when  the  wants  of  mankind  were  fewer,  but  of  expansion 
on  Its  own  principles,  and  not  (as  I  believe)  on  the  principles  of  that 
other  architecture,  which  seized  to  bridge  over  the  gap  from  the 
archless  styles  of  the  ^  pre-scientific  ages,"  but  was  ftsdf  absorbed  in 
Uie  infinitely  greater  capacity  of  the  pointed  arch  styles,  and  has  never 
been  able  to  advance  since :  reappearing  indeed  when  the  decay  of 
Gothic  principles,  and  the  absence  of  all  power  of  artistic  invention, 
kft  an  openin^if  for  it,  but  always  going  on  upon  the  same  dead  level  of 
hea\'y  uniformity  and  pompous  dulness,  sometimes  rather  better  and 
sometimes  rather  worse,  as  the  leadinc;  nrchitcct  of  one  np^e  happens  to 
be  better  or  worse  than  of  another  ;  harmoiiising  with  no  face  of  nature 
where  nature  has  a  face  to  show,  and  tolerating  no  individuality  where 
it  has  not,  but  sinking  the  thing  which  each  man  calls  his  house  in  a 
monotonous  array  of  windows  and  pilasters,  which  may  begin  and  end 
anywhere ;  incapable  of  any  e^ct  without  the  aid  of  great  size,  and 
even  then  not  knowing  how  to  rise  with  it  except  by  mere  repetition 
offeatureeof  no  beauty  by  themselves.   Is  the  best  window  in  St. 


Digitized  by  Google 


62 


Jfr.  DemisoHf  an  Modem  Goifuc  Architecture.     [Feb.  1 


Paul's,  or  in  "  the  street  of  palaces/'  to  be  compared  with  any  comraou 
three-light  window  built  600  years  ago,  or  even  with  a  good  modern 
one  of  &e  aame  style  revived  ?  For  it  is  now  shown  that  good  modem 
ones  in  this  style  can  be  bnilt;  and  they  can  be  built  of  any  sixe  yon 

want,  and  in  any  number,  and  almost  any  position. 

I  think  it  is  shown  too,  by  these  two  provincial  churches  which  I 
havo  referred  to  so  often  for  that  refi«;nn,  thnt  "  the  hidden  princii>1o!? 
and  lost  harmonics,"  which  Mr.  I'ctit  liius  lately  given  np  looking  for 
in  despair,  are  not  too  deeply  sunk  to  be  recovered  by  those  who  liave 
the  patience  to  seek  them  where  they  were  lost,  instead  of  rambliog 
after  them  into  unknown  regions. 

Some  of  you,  I  dare  say,  came  here  believing  that  the  old 
Gothic  ways  have  been  thoroughly  explored  already,  that  the  great 
Gothic  revival  is  progressing  charmingly,  and  that  uie  time  Is  fully 
come  when  it  should  be  carried  forward  into  those  other  unknown 
regions  where  the  architecture  of  the  future  is  waiting  to  he  disclosed. 
If  so,  I  hope  your  faith  has  had  a  shake.  And  on  the  other  hand, 
those  who  have  l)een  in  tlie  habit  of  condeniuiug  (Jothic  arcliitccture — 
ou  other  grouudi^,  I  mean,  than  from  mere  shallow  iguonuice  and 
flippancy — may  poesibly  be  led  to  reflect  whether  a  great  deal  of  what 
you  are  justly  dissati^ed  with  has  any  right  to  be  called  Gothic 
architecture  at  all,  and  is  not  rather  a  flimsy  modem  figment,  a  kind 
of  painted  skeleton  of  Gothic  without  either  flesh  or  spirit.  I  cannot 
forget  how  a  great  man,  whose  name  you  will  recognise  immediately,  • 
said  to  me,  while  he  was  living  ar^intiir  the  wTctclied  modem  Gothic 
of  the  new  buil(iinp:s  at  Cambridge,  on  my  coniphiiiiinpr  of  the  new 
iriiiversity  Library  being  Italian,  and  Italian  of  alnio.>i  unrivalled 
badness — "  Gothic  architecture  is  obsolete;**  but  soon  after,  when  he 
was  translated  into  the  shadow  of  the  great  cathedral  with  which  his  name 
will  ever  be  aa§ociated,  he  became  one  of  the  warmest  admirers  and 
the  most  zealous  and  successful  restorer  of  the  real  Grothic  architecture 
which  he  then  saw  before  him.  Some  of  that  restoration  is  so  well 
done,  that  it  is  not  easy  to  distinguish  the  new  work  from  the  old,  and 
8o  it  is  ill  some  oflir  r  jilnros.  That  it  is  not  so  in  all,  and  tliat  build- 
ings are  conlimially  en  ctfMl  feven  where  tiiere  is  not  the  excuse  of 
stinginess)  in  vvhicli  Golliic  pi  inciplf^  are  pretended  to  be  followed,  hut 
are  really  set  at  defiance,  is  manifestly  not  the  fault  of  Gothic  architec' 
ture,  but  of  architects. 

[E.  B,  D.] 
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WKBKLY  EVE^I^^O  MEETING, 
Friday,  Febraary  18,  1859. 

CiiAai£S  WxiEATSTONE,  EsQ.  F.R.S.  Vice-PreslcIeDt,  iu  the  Clmir. 

SoMKBViUiV  SooTV  Alisoh,  M.D. 

On  certain  Auditory  Phenomena, 

[Through  the  induroomtioii  of  Br.  AUaoDi  the  subject  of  the 
ditoourae,  of  which  the  Allowing  is  an  abstraet,  was  kindly  laid  befote 
the  Members  by  Dr.  Tyndaix.] 

GnTAtN  auditory  phenomena,  bearing  upon  the  correlation  of  the 

can,  and  posse^^sing  some  interest,  have  been  recently  made  out  by  the 
employmcDt  of  a  doiible  stethoscnpn,  which  has  been  called  the  differ- 
ential stethoplioiu',  contrived  by  Dr.  Scott  Alison.*  This  instrument, 
(^e*'  p.  64)  like  the  first  (ioiihle  stethoscope,  viz.,  that  of  Dr.  Leareii,  is 
applitKl  to  both  (»an<,  and  lui>  the  self-adjustment  of  that  of  Dr.  Cfimniaii  of 
Heyr  York-  It  consists  of  two  tubes  for  the  two  ears  respectively,  each 
bdependeiat  of  the  other  except  for  purposes  of  acynstment,  manual 
management,  and  convenience  of  application.  Each  tube  connsts 
ru^n  of  two  parts,  a  tube  part  and  a  cup  or  sound-collecting  aperture* 
The  cup,  made  of  mahogany  or  other  freely  vibrating  wood,  is  about 
one  inch  in  diameter  at  its  mout!},  find  about  one-eighth  of  an  inch  in 
Hinijuter  its  proximal  extremity.  Tlie  tube  near  the  cup  is  nintle  of 
tluxibie  wire,  and-is  covered  with  silk  ;  the  part  nearer  tlie  ear  is  made 
of  ttietal,  and  at  the  aural  extremity  is  furnisheti  witti  an  ear-knob  of 
ivory  for  insertion  into  the  cavity  of  the  external  ear.  The  bore  of 
the  knob  and  of  the  metal  part  of  the  tube  Is  about  one-eighth  of  an 
inch  in  diameter. 

An  inatrument  possewinff  the  same  acoustic  value  may  be  made  at 
much  less  expense  than  tnat  above  described.  A  piece  of  india 
rubber  tube,  aboiit  18  inches  long,  having  a  bore  of  one-tifth  of  an 
inch  in  diameter,  may  have  fitted  upon  one  extremity  an  ear-knob,  and 


*  It  Is  to  be  observed,  fliat  ftr  the  di^rential  stethophime  to  have  ito  properties 
made  aYBilablet  It  it  necesiary  that  both  ean  of  the  observer  ahould  he  alike  hi 
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upon  the  other  a  sonnH-colIecting  cup.  Two  of  th^,  held  together 
by  means  of  a  ring  of  ivory  or  steely  will  make  an  excellent  differential 
stethophone  or  phonoscope. 

The  difi^ieDtial  ttathophoiie  was  deBigned 
with  the  view  of  colleettng  different  sounds 
from  two  ports  of  the  body  at  the  same  time» 
and  conveying  them  separately  to  each  ear. 
It  formed  in  reality  a  8tethoscope  for  each 
ear,  and  it  ditTered  from  nil  binaural  or 
double  stethoscopes  liitherto  employe' I,  wliich 
collected  sound  through  one  aperture  ur 
cup  only.  Tiiough  the  old  biuuural  ste- 
thoscopes could  not  be  made  differential  In- 
struments^ the  difibrential  stethophone  might 
be  made  a  binaural  stethoscope,  simply  by 
placing  the  two  sound-collecting  cups  at  the 
same  part  of  the  chest  When  this  is  done, 
the  same  auditory  result  is  obtained  as  when 
the  simple  binaural  stethoscope  is  employe*!, 
viz.  a  full  sound  and  a  distinct  auditory  sensa- 
tion, fuller  than  when  one  ear  only  is  em- 
ployed. The  advantages  sought  by  means 
of  the  differential  stethophone  were,  1st,  to 
give  ladlity  in  comparing  the  int^isity  of 
the  fine  breath  sound  of  the  lung  at  two  dif- 
ferent parts  of  the  chest  at  the  same  time ; 
and  2nd,  to  sscertain  with  exactitude  the 
relative  commencement  and  termination  of 
two  sounds  generated  at  different  parts  of  the 
thorax;  which  hitherto  was  iuijiraetieable  : 
for,  as  is  oln  ious  enoiig'h,  it  i>  imt  possible  to 
have  one  car  at  the  same  moment  al  two  dif- 
ferent parts  or  to  hate  the  two  ears  in  the 
same  plane,  which  however  is  now  virtually 
eflfectect  by  the  differential  stethophone.  The  second  object  was  fully 
obtained ;  but  the  first  was  not  secured  when  the  two  ears  were  simul- 
taneously employed,  though  by  using  the  two  ears  in  succession  fliis 
great  advantat^e  of  comparing'  the  intensity  of  one  part  with  the  in- 
tensity of  anotlier  was  fully  gained.  It  was  found  that  the  weak  or 
defective  respiratory  sound  of  one  part  produced  no  sensation  in  the 
ear  to  wliich  it  was  con\  eyed  w  lieii  the  stronger  sound  of  another  part 
was  cummuiiicated  to  the  otlier  ear. 

This  failure  of  the  differential  instrument,  though  disappointing  at 
the  moment,  has  led  to  the  ascertaining  of  an  important  acoustic  prin- 
ciple and  to  the  practical  application  of  it  in  medicine,  viz.  that  a 
major  impression  made  on  one  ear  will  prevent  all  consciousness  or 
perception  of  a  minor  impression  made  at  the  same  time  on  the  other  ear, 
by  the  same  sound  ;  and  that  an  impression  on  one  ear  which  produces 
a  distinct  sensation  may  be  made  to  produce  no  sensation  whatever,  by 
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convey iog  nt  the  aanae  tine  a  major  impr«Mloa  cf  the  mmb  aound  fo 
the  otiier  ear :  the  ieonticD  obtidneil  through  the  latter  ear  totally 
dertroying  or  oblitaiatiDg  all  sensatioii  of  the  same  soumi  in  the  other 
ear.  By  the  same  sound  is  meant  the  sound  proceeding  from  the  <«me 
bocly,  as  a  watch,  a  bell,  or  from  two  bodiei  of  the  same  iund»  as  two 
tuning-forks  of  the  same  size  and  note. 

Major  impres-ions  on  owe  earprevent  sensations  of  minor  impres- 
sions on  the  other  ear  ouly  in  the  case  of  the  same  sound^  and  not  in 
the  case  of  eoimdi  of  a  dS£Smit  chaneter,  nnlesi  indeed  the  iii^jor 
sound  happens  to  be  very  intense  and  deafening.  Therefore  the  loud 
soutiil  of  one  watch  and  the  weak  sonnd  of  another  watch  may  be 
distinctly  heard  in  the  two  ears,  qne  in  one  ear  only  and  the  other  in 
the  other  ear  only,  provided  that  one  ear  be  favoured  with  a  major 
iniprp-ssion  of  one  watch,  and  the  other  ear  be  favoured  with  a  nuijor 
unpresssion  of  the  sound  of  tlte  otlier  watch.  In  this  case,  the  strony^er 
impression  of  either  watcli  luillihos  in  a  sensorial  *  sense  the  weaker 
impression ;  and  as  the  slioug  impression  of  one  watch  is  made  in  one 
ear,  and  the  stioiig  impreiiimi  of  the  other  watdi  is  made  upon  the 
otiier  ear,  one  watch  is  heard  in  one  ear  and  the  other  watch  ia  heard 
in  the  other. 

The  principle  of  restriction  of  hearing  of  the  same  sound  to  tliat 
ear  on  which  a  major  impression  is  made  i-?  illustrated  in  respiration. 
The  enr  connected  with  a  part  where  thv  rc^pirntinn  is  weak  fails,  as 
has  been  alrt^Hy  stated,  to  convey  any  sLiistition,  ^vhlle  tiie  ear  con- 
nected with  a  part  where  the  re*^piration  is  .^irong  produces  sensiitiou. 

The  diagram  represents  the  sounds  occurring  alternately  in  two 
ttdea  of  the  chest  in  a  ooHsmmptive  patient  The  darl^  spots  represent 
the  MMtmds,  The  right  aide  iiMS  the  Inspiiation  strong,  the  Ezpiiation 
fiunt   The  left  side  has  the  Inapimtioo  wealiy  the  ExpUation  coarse. 


Healthy. 

Unhkai.thy. 

Right  Side  of  Chest. 

Left  bide  of  Chest. 

Insx>ir.  1.  | 

Inspir.  I. 

Expir.  1. 

1         Ex|ilr.  1. 

Inqdr.  2.  | 

Expir.  2. 

1            Expir.  2. 

The  sanie  principle  may  be  made  to  perform  af  important  part  in 
the  diagnocb  of  diseases  of  the  Iieart,  accompanied  by  murmur.  If 
the  two  cups  of  the  stethoplione  be  applied  at  two  points  of  the  area 
of  a  murmur  differing  in  intensity,  the  sound  is  lieard  by  that  ear  only 

connected  with  the  point  where  the  murmur  is  more  intense.  Now 
as  the  source  of  a  nuirmur  is  determined  by  tlie  point  of  its  greatest 
intensity,  it  must  be  obvious  ttiat  a  ready  mode  oi  diagnosos  is  otfered. 
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If  tlitiie  be  a  material  dift'erence  at  the  two  s[)Ots  exauiiiied,  sound  is 
heard  only  by  that  ear  connected  with  the  more  intense  point.  The 
test  is  absolute ;  for  in  one  ear  there  is  no  hearing,  and  in  the  t>ther 
there  U  hearing.  There  is  consequently  no  room  for  error  In  judgment 
as  to  degree,  as  in  the  case  of  oonMcotive  obaervations  with  one  ear 
only,  with  the  ordinary  stethoscope. 

The  human  ear  bang  capable  of  hearing  many  sounds  at  the  same 
moment,  (if  one  be  not  extremely  intense,)  and  as  the  principle  so  to 
speak  of  restriction  of  hearing  to  the  favoured  ear  holds  in  the  case  of 
all,  it  follows  that  if  one  can  be  fevoured  with  a  major  imj^ression  of 
fifty  sounds,  they  shall  all  be  h^rd  through  that  ear,  and  thiouprh  that 
ear  only.  And  if  some  of  these  fifty  sounds  be  carried  in  major  inten- 
sity to  one  ear  and  some  in  major  intensity  to  the  other  ear,  some  of 
thew  aoonds  will  be  ezclnsively  heard  through  one  ear,  and  some 
exclusively  through  the  other  ear ;  a  division  of  sounds  thus  virtualh 
taking  place.  Indeed,  if  we  possessed  fifty  ears,  and  if  of  fifly  somidft 
one  could  be  carried  in  a  major  intensity  to  each  of  these  fifty  earB, 
each  of  the  fifty  sounds  would  be  heard  exclusively  through  one  ear, 
M,  each  ear  would  hear  one  sound  exclusively. 

This  apparent  division  of  sounds  may  be  etiected  by  ])lacing  a 
watch  upon  a  musical  box.  If  both  cujw  of  the  stethophone  be  placed 
so  as  to  receive  sound  from  th^  bodies  equally  well,  both  sounds  will 
be  perceived  through  both  ears,  and  if  one  cup  be  placed  nearer  these 
two  iMNlies  than  the  other  cup,  both  sounds  will  be  heard  in  the  ear  con- 
nected with  this  cup  s  but  if  one  cup  be  held  a  little  nearer  the  musical 
box  than  the  other  cup,  and  if  this  other  cup  be  held  a  little  nearer 
the  watch,  i,e.  if  one  cup  be  a  little  favoured  in  respect  of  one  sound- 
ing body,  and  the  other  cup  be  a  little  favoured  in  respect  of  that  of 
the  other  soTinding  body,  tlie  musical  box  will  be  heard  throTi!::^}i  that 
ear  only  which  is  favoured  in  respect  of  it,  and  the  watch  will  be  heard 
exclusively  thronj^h  tliat  ear  that  is  fevoured  in  respect  of  that  boiiy. 
When  two  murmurs  occur  at  the  heart,  one  at  the  base  and  another  at 
the  apex,  possessing  as  they  usually  do  difibrent  characters,  (say  one 
being  blowing"  and  the  other  being  ^'nsping,")  and  they  blend 
togethery  they  may  be  thus  sensorially  separated  by  placing  one  cup  at 
the  base,  and  the  other  at  the  apex,  points  of  major  intensity  of  the  two 
murmurs  respectively. 

Of  the  amount  of  difference  which  shall  suffice  to  render  one  ear  as 
it  were  sensationlcRs  and  to  ofl'pct  a  monopoly  of  seiisalion  in  the 
other,  it  is  ditticuit  to  speak  with  groat  precision.  The  ditiereiice 
must  be  considerable,  but  need  not  be  very  great.  In  the  case  of  a 
watch,  if  one  ci^  be  placed  fully  on  the  watch,  and  the  other  one- 
'third  or  one-half  off  it,  sensation  u  limited  to  the  ear  connected  with 
the  first ;  if  the  cup  wholly  on  the  watch  be  now  moved  off  the  watch, 
but  kept  within  half  an  inch  of  it,  sensation  is  limited  to  the  other  ear ; 
and  if  the  cup  half  or  one-third  off  the  watch  be  now  moved  wholly  off*  it, 
to  the  distance  of  an  inch  or  more,  sensation  is  again  transferred  to  tne 
other  ear.   Transitions  of  sensation  may  be  thus  indefinitely  carried 
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00  from  one  ear  to  the  other.  This  correspoDds  with  onliiMuy  audi- 
tiofi:  for  if  we  draw  a  circle  around  the  head  in  the  plane  of  the 
horizon,  which  mav  be  called  an  acoustic  circle,  we  shall  fnid  tisat  on 
carrjiiiga  iioundinL;  body  rouud  it,  binaural  sensation  is  procured  only 
so  long  as  the  bcxiy  is  within  about  10°  on  either  side  of  a  line  drawn  for- 
wards and  backwards  at  right  angles  with  th^  transverse  line  of  the  head. 
In  the  oiee  then  of  mh  a  dide  we  have  dlrtinot  binauial  aeoMtioD 
fimited  to  a  of  about  20<*  in  IroDt  and  20^  behind.   The  inter- 

mediate arcs  are  the  regions  of  uno-aural  sensation ;  it  thus  appears 
that  in  ordinary  audition  a  moderate  superiority  in  respeetof  inteuity 
ef  sound  a  monopoly  of  hearing  to  one  ear. 

The  intensity  of  sound  in  the  ear  which  has  served  to  give  it  a 
monopoly  of  hearing  to  the  disadvantage  of  the  other  ear,  has  in  the 
foit^ing  observations  been  chiefly  obtained  by  gr&iter  proximity  of 
oue  cup  of  the  stethophone  to  the  sounding  body  over  the  other ;  but 
thb  DMty  b0  pfocnied  by  other  meane.  A  auperior  mode  of  eoo" 
daeCioii  In  leapect  of  one  ear  over  the  other,  or  of  one  eup  of  the 
stethophone  over  the  other^  when  the  ears  and  the  cupe  are  similarly 
placed  in  respect  of  the  sounding  body,  will  give  a  like  intensity.  A 
solid  rrnl  in  the  case  of  one  ear,  while  the  atmosphere  is  the  only 
inediuni  of  corTinninication  in  the  case  of  the  other,  in  respect  of  a 
sound  of  a  solid  Ixxiy?  will  suthce  to  give  the  monujxdizin^  intensity. 
In  the  same  way  it  lia,s  been  recently  ascertained  by  Dr.  Scull  Alison, 
that  water  placed  at  the  distal  eztreniify  of  a  hearing  tube  will  give 
an  advantage  of  intenrifieatioQ  or  of  mote  perfect  eondnctiony  suffldent 


to  restrict  hearing  to  that  &ir  ikvoureii  with  its  aid,  and  to  render  sen- 
sationless  the  ear  connected  with  the  sounding  body  by  means  of  a 
hearing  lobe  having  no  water  at  its  extremity  to  intensify  or  eoonomiae 
found  ^  flupertor  eonductien.  A  ring  of  water  between  the  edge  of 
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the  hearing  tube  and  the  solid  flouoding  body  will  suffice  for  thifiemill. 

Thf*  restriction  of  hearing  to  one  ear  is  perfect,  although  the  conditions 
of  the  ears  and  of  the  two  limbs  of  the  differential  stethophone  are 
precisely  alike,  witli  tlir  exception  of  the  rinir  of  water.  As  we  form 
our  notions  of  sounding  bodies  bein^  on  our  right  hand  or  on  our 
left,  by  perceiving  through  which  ear  auditory  sensations  are  ac- 
quired, and  as  water  under  the  circumstances  gives  an  augmentation 
w  sound  sufficient  to  restrict  to  one  ear^  an  auial  illusion  may  be 
produced  by  baring  two  hearing  tubes  of  equal  length  and  of  tbe  same 
conditions  brought  in  contact  with  two  windows  reqiectivrly,  and 
placing  under  tlie  cup  of  one  of  them  a  thin  bag  of  water^  which  may 
be  called  a  hydrophone.  A  church  bell  or  a  barrel  org:u)  will  be 
heard  only  through  the  car  roiineettHl  with  the  window  havin^r  the 
water  bag  upon  it,  although  these  soundiiiL;  hodies  may  be  nearer  tlie 
other  window.  The  mind  is  letl  to  believe  tiiat  the  sounding  bodies 
are  nearer  the  wiudow  which  is  the  more  distant  from  them. 

In  tiie  ease  of  some  few  sounds,. the  influence  of  water  in  moditying 
tbeir  tone  is  so  great,  that  Tirtuallir  a  sound  difl^ereot  in  kind  is 
heard.  Thus,  a  watch,  in  Dr.  Alison  s  possesMon,  g^ves  simply  a  short 
ticking  sound  to  that  ear  connect^  with  one  cup  of  the  differential 
stethophone  held  in  the  air  ;  and  imparts  a  full  sof\  tick,  or  rather  tack, 
and  a  musieal  bell  sound  to  the  other  ear  connected  witii  the  other  cup 
of  the  instrument  placed  upon  the  thin  hn.r  of  watt  i  lying-  on  the 
watch.  The  sound  of  the  watch  is  so  moditied  by  the  diilerent  media, 
that  as  it  were  two  ditierent  sounds  are  obtained,  a  sharp  tick  and  a 
fall  soft  tack,  and  though  the  watch-sound  is  conveyed  in  greater 
intensity  to  one  car  than  to  the  other,  it  is  heard  in  both  eais.  JNo  lose 
of  sensation  takes  place,  as  in  the  case  of  the  same  sounding  body, 
sounding  through  the  same  medium.  The  reason  of  this  exceptiou  to 
the  law  of  auditory  obliteration,  so  to  speak,  is  ^nd  in  the  fact 
that  the  sound  is  no  longer  one,  but  has  become  virtually  two,  by 
being  conveyed  through  two  different  iriedia,  and  it  has  been  already 
stated  that  a  major  impression  sensorially  nullifies  a  nunor  in  the  case 
of  its  own  soun(i  only  and  of  no  other.  The  fine  bell  sound  lias  been 
simply  made  audible  by  passing  through  water.  It  is  probable  that 
the  double  hearing  of  some  persons  which  has  been  commented  upon  by 
piiysicians  has  l>een  due  to  a  difference  in  the  two  ears  involving  a 
dieagreement  in  the  media  through  which  sounds  have  had  to  pass. 
Tbe  double  hearing  referred  to  has  conasted  of  hearing  the  sounds  of 
the  same  sounding  body,  very  different  in  character  in  the  two  ean ; 
the  sounds  in  one  ear  being  soft  and  in  the  other  sharp,  and  so  on. 
Perhaps,  likewise,  ccrtnin  sounds  inaudible  in  one  car  have  been 
rendered  audible  in  the  other,  as  in  the  case  of  the  hue  bell  sound  above 
referred  to,  by  passing  through  better  media.  It  is  to  be  observed, 
that  in  order  to  have  a  sensalion  in  this  manner  in  both  ears  the  sound 
must  not  preponderate  greatly  in  one.  > 

In  the  case  of  sounds  conveyed  to  the  ear  through  the  bones  of  the 
head,  a  restricting  intendty  may  be  procured  by  closing  the  aperture  of 
the  external  ear,  as  has  been  observed  and  commented  upon  by  Mr. 
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Wheatstone.  A  tunitjg-fork  placed  upon  ilie  iiii<ldle  of  the  forehead  ii 
h^d  in  that  ear  only  that  is  closed.  The  closure  prevents  the  escape 
of  sound,  and  promotee  rmomDce  to  an  extent  Muffldent  to  give  the 
restricting  intensity.  This  restrietion  of  hiAriiig  to  the  closed  ear  in 
tlie  case  of  sounds  commonicated  through  the  bones  of  the  head  may 
be  iinltated  by  an  analogous  closing  of  the  apertures  of  the  differential 
stethophone.  Sounds  rommunicattci  in  equal  intensity  to  both  limbs 
of  the  stethopbone  at  some  point  between  the  closed  apertures  and  the 
ear-knobs  are  in^rd  louder  tlmti  when  the  apertures  are  open  j  and  if 
one  aperture  only  be  close<i,  the  sounds  are  heard  in  that  ear  only  that 
is  connected  with  the  closed  aperture.  The  wetted  cotton  of  Mr, 
Tearsley — really  a  cotton  and  water  membrane^  and  the  gutta-percha 
membrana  tsrinpani  of  Mr.  Toynbee,  thus  applied^  iT^^y  increase 
sounds  conveyed  to  the  stetIio])hane  at  points  between  the  closed  aper- 
turesand  the  ear  knobs.  By  closing  one  aperture  with  wetted  cotton, 
and  tlie  othf  r  \\\\\\  -^utta-percha,  the  contparativevalue  of  the^e appliances 
«n  far  as  iiit*  ri-^itlcation  sound  r< niiiinuncated  in  the  manner  imder 
c*>fisiderati(»ii.  may  hv  tf  sted.  Both  ut  tiit.Hti  appliances  have  been  found 
extremely  bcntticial  in  caf»es  of  deafness  pnx'eeding  from  perforate 
memlMrana  tympanic  It  would  appear  that  it  is  by  some  dosure  of  the 
passap(es  of  tite  ear  in  persons  putially  deaf  of  one  ear,  that  thoM  per- 
sons Ivear  sounds  communicated  through  the  bones  of  the  head,  in  that 
ear  only  tliatis  deaf ;  a  fact  ascertained  in  an  extensile  enquiry  instituted 
by  the  author,  and  that  had  been  previously  observed  in  a  few  cases. 

ApVheB  one  rnp  of  the  differential  stethophune  is  held  decidedly  nearer 
a  sonmling  bo<iy  than  the  other  cup,  the  sonn{i  i>  perceived,  an  it  were, 
in  the  ear  connected  with  the  nearer  cup ;  but  ii'  the  furtiier  cup  be 
brought  somewhat  towards  the  sounding  body,  so  as  to  obtain  more 
soiiiia»  and  to  be  more  upon  a  par  yn&  tlie  other  cup,  the  sensation 
elumges  its  seat  and  is  felt  less  tn  the  ear  and  more  towards  the  centre 
of  the  head,  or  the  spot  mid-way  between  the  two  ean.  This  centri- 
petal duuracter  of  sensation  is  more  marked  as  the  two  cups  attain  to  a 
parity  ;  and  when  this  is  fully  accompli^hetl  sensation  is  located  at  a 
ceritral  spot.  If  the  cup,  which  was  at  first  fnrther  from  the  soundinif 
b(xiy,  be  now  gradujilly  brought  nearer  than  the  other  cup,  a  furtiier 
transition  of  sensation  is  produced  ;  it  leaves  the  ceniiul  .^pol  and  moves 
towards  the  other  ear,  and  becomes  exduMvely  located  theiei  as 
it  was  odosiYely  located  at  the  first  part  of  the  experiment  in  the  other 
ear.  By  alternately  and  rapidly  bringing  the  cups  nearer  the  sounding 
body«  this  movement  of  sensation  may  be  rendered  very  striking. 

Lastly,  the  differential  stethophone  affords  an  unfailing:  test  of  the 
e\j«-t«'T!ce  of  dif!t'iences  of  intensity  of  »oun<Is  <'()niinun!rat( '!  by  different 
botlics.  solid,  iirpdd,  or  gaseous.  If  consecutive  trials  be  lequired  on 
two  bodies,  this  is  done  by  using  the  two  cups  in  succession,  the 
oeces^y  movements  beiug  effected  without  changing  the  position  of 
the  bead,  and  with  only  a  very  little  motion  of  the  fingers.  The  con- 
trast is  readily  made,  and  the  diflference,  if  any,  with  fitdlity  discovered. 
If  both  limbs  of  the  instrument  be  simultaneously  employed,  and  if  the 
difference  in  the  amount  of  the  same  sound  conveyed  to  the  instrument 


Digitizca  by  Gu^.' . 


70 


Professor  Faraday 


[Feb.  25, 


be  material,  an  absolute  test  is  procured  at  once ;  Ibr,  as  has  been 
already  explaiued)  no  sound  will  be  heard  in  one  ear,  and  a  full  aonod 
will  be  heard  in  the  other.  For  example,  a  musical  box  placed  upon 
the  banks  of  the  Serpentine,  is  heani  in  that  ear  whiefi  is  supplied  with 
that  limb  of  the  st(  ihophone  (an  elongated  one)  whose  cup  is  imniersed 
in  the  river,  and  not  at  all  in  that  connecte<l  with  tliat  limb  whose  cup 
is  iield  upon  the  ground.  In  the  same  way  this  test  of  restriction  of 
bearing  to  one  ear,  or  of  uno-aural  hearioff,  is  available  for  deciding 
upon  the  comparative  aooiutie  Talue  of  mfferant  arrangements.  If 
we  desire  for  instance  to  know  whether  snrnmnding  a  gbue  with 
water  and  another  with  air,  both  filled  with  water  and  fueviously 
being  equal  in  communicating  sound  to  the  stethophone,  gives  a 
difference  of  sound,  the  fact  is  immediately  made  known.  The  ear 
connected  with  the  limb  of  the  stethoscope  immersed  in  the  t^-lass 
surrounded  with  water  hears  nothing,  while  the  ear  connected  with  the 
glass  surrounded  with  air  has  a  distiucl  seusaliou. 

[a  s.  A.J 


WEEKLY  EVENING  MEETING, 

Friday^  February  26, 1859. 

H.B.H.  The  Pbihcs  CoNeoRr,  K.G.  D.C.L.  F.IUSL 
Vice-Patron,  in  the  Chair. 

Professor  Faradat,  D.C.L.  F.R.S. 
Oa  SckoHbMs  Ozone  and  AtUozoae, 

OzoxE  has  already  be«  ii  ht  fun'  the  members  of  the  Royal  Institution  on 
two  occasions:  on  the  loth  .1  luie  1851,  wlien  Schmihein's  early  views 
of  it  were  given,  and  on  the  10th  June  18.53,  when  the  results  of 
MM.  Fr»?my  and  E.  Becquerel,  obtained  bv  passing  the  electric  spark 
through  dry  oxygen,  were  described ;  and  also  the  opinion  of  Schonbein 
respecting  the  entrance  of  oEone  as  such  (and  not  as  simple  oxygen) 
into  coinbinatioo.  Since  then,  Schdnbein  has  been  led  to  the  beli^ 
that  oxygen  can  exist  in  a  third  state,  as  far  removed  by  its  properties 
from  ordinary  oxygen  in  the  one  direction  as  ozone  is  in  the  other; 
and  therefore,  in  a  certain  sense  antagonistic  to  ozone.  This  substance 
he  names  antozone,  and  believes  that  it  also  enters  into  combinat!f)Tj, 
retaining,  for  the  time,  its  special  properties.  Hence  there  is  not 
merely  ceone  and antozone,  but  also  ozonideand  antozonide compounds. 
Thus,  permanganic  acid,  chromic  acid,  peroxides  of  manganese,  lead, . 
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eobalt,  nickel,  bUmutlr,  silver,  <&c.,  form  a  list  of  bodies  containing 
Bore  or  leas  of  oiodq  in  eombiiwtioii ;  and  the  chanustm  of  oaone, 
And  of  theae  bodies  becanae  of  the  ooone  in  theiDy  it  that  they  aie 
electro>negative  to  the  antozonides,  t aa  copper  to  zinc ;  they  evolve 
chlorine  from  chlorides ;  they  cannot  generate  peroxide  of  hydrogen  ; 
and  they  render  blue  the  precipitated  tincture  of  guaiacum.  On  the 
ofhcr  hand,  oxywater  and  the  peroxides  of  potassinmj  «todium,  barium, 
fttruntiuni,  and  calcium,  form  a  list  of  substances  (  (jiitaininjT  antozone. 
These  bodies  are  electro-positive  to  the  lormer ;  tiiey  caimot  evolve 
dilorine  from  iiydro-ckloric  ueid,  or  the  chlorides ;  they  evolve  the 
peroxide  of  hydrogon  when  treated  either  liy  ozy-acida  or  even  the 
hyditMshlofk  add,  and  they  not  only  do  not  render  blue  the  white 
precipitated  gnaiaeniDi  bat  they  restore  tliat  which  has  been  lendeied 
blue  by  osone  to  the  white  or  colourless  condition.  Now  when  two 
ozonides  or  two  antozoiiides  arc  put  together,  with  the  addition  of 
water  or  au  i?idiflerent  acid,  tliey  mii)gle  but  do  not  act  on  each  otlier ; 
but  if  one  body  from  each  list  be  associated  in  like  manner,  they 
iiiutually  act,  oxygen  is  evolved  from  both,  and  ordinary  oxygen  is 
set  free  ;  or  rather,  as  Schdnbeiu  believes,  ozone  separates  from  one 
body,  and  antosone  fitNn  the  other ;  and  theae  uniting  produce  the 
intenoediate  or  neutnd  oxygen.  Th£nard»  who  disooverad  the  per- 
oxide of  hydrogen,  showed  that  the  peroxide  of  silver,  when  brought 
into  contact  with  it,  not  only  caused  the  separation  of  part  of  the 
oxygen  of  the  fluid,  but  also  itself  lost  oxygen,  that  element  Irnving 
both  bodies  and  appearing  in  the  gaseous  state.  This  experiment, 
with  others  of  a  like  nature,  arnl  many  new  ones,  were  referred  to  and 
made  in  illustration  of  Schonbein's  views.  As  to  the  independent 
existence  of  oxygen  in  these  two  new  and  antithetical  states,  ozone 
has  been  so  obtained,  i.e.  out  of  comt^Uon,  and  independent  of  any 
other  body ;  but  antozone  has  not  as  yet  aflbrded  this  proof  of  its 
possible  sqiarate  condition.  Oxywater  is  the  compound  in  which  it 
seems  nearest  to  a  free  condition.  As  Schunbein's  view  includes  the 
ifloa  that  o\vo;en  in  these  two  stntes  can  retni!!  their  peculiar  properties 
wlioii  out  (>f  combinaiuHi,  and  tiave  them  conferred  otherwise  than  by 
coiiibination,  and  as  ozone  does  fulfil  these  conditions  and  does  exist  in 
the  independent  state,  so  it  is  important  liiat  antozone  should  be 
pursued  by  experiment  until  it  gives  a  lilte  result. 

In  relation  to  this  subject  the  view  of  Mr.  Brodie  should  be 
referred  to,  respeoting  the  condition  of  certain  elements  at  the  momaU 
of  chemical  change,  on  which  he  published  a  paper  in  the  PhiL  Trans, 
for  1850,  p.  759,  and  another  in  the  Chemical  Society's  Journal  in 
1855.  He  assumed  oxvgcn  as  cnpable  of  existing  in  two  states  ;  tire 
p;irticles  being  polarized  to  each  other  by  the  action  of  associated 
particles,  and  for  the  moment  in  the  relation  of  oxygen  and  hydrogen 
to  eacii  other ;  he  also  made  many  numerical  experiments  for  the 
purpose  of  obtaining  the  equivalent  action  of  the  oxygens  assumed  to 
be  in  theae  opposed  polar  states. 

[M.F.] 
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W££ELY  KV£N11}G  MELTXJNG, 

Friday,  March  4,  1859. 

Sir  BoDERiCK  I.  Mubchisox,  D.C.L.  F.RJS.  Vicc-Fresideut, 

in  the  Chair. 

JoBR  Ttndall,  Esq*  F.R.S. 

laotmoa  cv  vATtnui.  pauoiorHy,  wyal  tmvtnmov. 
On  the  Veimed  Siructure  of  GiaeUr$» 

If  a  tiROBpareDt  Golourleas  ■olid  be  reduced  to  powder,  tbe  powder  ie 
white :  fiuniliar  lUuetmUona  of  tins  fiiet  were  brought  fijrwani  at  the 

commencement  of  the  diacourse :  specimens  of  transparent  rock  crystal 
and  of  the  substance  pounded,  of  solid  ghifis  and  of  glass  in  powder,  of 
rock  salt  and  common  culinary  sf\lt  were  exhibited.  A  g!a-«»  jar,  par- 
tially fillorl  with  a  solution  of  carbonate  of  scnla,  with  a  littie  gum 
aiided  to  give  it  tenacity,  pre^^sents,  on  tlie  a<!ditinii  of  a  little  tartaric 
acid,  the  Appearance  of  a  tall  white  column  of  foani.  In  all  these 
caries,  the  whiteness  and  the  opacity  were  due  to  the  intimate  and  irr^^« 
lar  admixture  of  a  eoiid  or  a  liquid  with  air ;  in  like  manner  the  white- 
nen  of  snow  was  due  to  the  mixture  of  air  and  transparent  particles  of 
ice. 

This  snow  falls  upon  mountain  eminences*  and  above  the  snow 
line  each  year  leaves  a  residue ;  the  substance  thus  collects  in  layers^ 

forming  masses  of  great  tlcprlt.  The  lower  portions  of  such  mnsst^  are 
squeezed  by  the  pressure  of  the  mass  above  tlum,  and  a  gnulual  ap- 
proach to  ice  is  the  corisequence.  The  air  is  gradually  expelled 
and  the  transparency  of  the  substance  augments  in  pro[)(jrtion 

Nevertheless,  tbe  ice  in  the  upper  glacier  region  always  contains  a 
large  amount  of  the  air  originally  entrapped  in  the  snow;  this  air  is 
now  distributed  through  the  solid  in  the  form  of  bubbleSi  which  give 
the  ice  a  milky  appearance.  Thus  at  the  upper  part  of  a  glacier  the 
ice  is  white  and  more  or  less  opaque ;  while,  at  its  lower  extremity,  as 
almost  every  tourist  knows,  it  is  blue  and  transparent.  The  traiiisition 
from  one  state  to  the  other  is.  irj  most  cases,  not  a  g^Mittal  change 
which  takes  place  equally  thron^lnnit  the  entire  mass:  the  wliitc  ice, 
OQ  the  coDlraryi  of  the  middle  glacier  r^ton  ii^  usually  striped  by 
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veins  of  a  more  transparent  character  than  tlie  rest  of  tlitMnass;  the 
tranfifmrency  being  due  to  the  fact  that  the  air  uliicli  gives  to 
the  ice  \i&  whiteness  has  by  some  means  or  other  been  wholly  or 
(Firtially  ejected  from  the  veins.  These  veins  partake  <yf  (he  blue 
eokmr  of  tnnsparent  ice,  and,  contrasted  with  the  white  ice  in  which 
tbef  are  imbedded,  oft^  give  to  tlie  substance  a  most  beautiful 
laminated  appearance ;  vast  portions  of  many  glaciers  consist  of  this 
laminated  ice. 

The  nhjnrt  of  the  discourse  was  to  ofSa  an  explanation  of  this 
veined  structure  of  glacier  ice. 

The  theory  of  the  veins  wWmAi  perhaps  fii-st  prestnt4«i  itself  to  the 
miiid,  and  which  is  still  entertained  by  many  intelligent  Alpine  exph)- 
rers,  is  that  the  veining  of  the  middle  glaciers  is  simply  a  continuation 
of  the  l>edding  of  tlie  m§v^;  that  not  only  do  the  annual  snow-fiilts 
produce  beds  of  great  thickness,  but  every  successive  ftll  tends  to 
produce  a  layer  of  less  thickness,  which  layers,  or  rather  the  suriaces 
separating  them,  ultimately  appear  as  the  blue  veins.    This  theory,  it 

admitted,  demanded  the  most  serious  consideration  :  oti  the  exposed 
8<'rr!on<  of  the  ntivt'  the  lines  of  stratification  were  very  manifest,  and 
exlni)ited  in  many  ca^^es  appearaiu  closely  re«emblin*j  that  of  the 
veined  structure.  Indeed,  it  was  with  a  view  to  examine  this  subject 
more  closely,  that  the  speaker  withheld  his  observations  on  the  structure 
of  the  Mer  de  Glace  made  in  1857,  and  betook  himself  once  more  to 
the  mountains  during  the  summer  of  1858 ;  his  desire  being  to  settle 
once  for  all  the  rival  claims  of  the  only  two  theories  which  then 
He^rved  serious  attention,  namely  those  of  pressure  and  of  strati* 
fication 

In  pursuance  of  this  idea,  he  tirst  visited  the  lower  g-lacior  of 
Grimiehvald,  one  of  the  most  accessible,  and  at  the  siiine  time  nu)st 
instructive  in  the  entire  range  of  the  Alps.  Ascending  the  branch  of 
this  glacier  which  descends  from  the  Schreckhorn,  the  Strahleck,  and 
the  Finsteraarhom,  he  came  to  the  base  of  an  ice-iall  which  forbade 
further  advance.  Quitting  the  glacier  here,  he  ascended  the  side  of 
the  flanking  mountain,  so  as  to  reach  a  point  from  which  the  fall,  and 
the  glacier  below  it,  were  distinctly  visible ;  and  from  this  position  he 
ob5!erve<l  the  gradual  development  and  perfectinpr  of  tire  structure  at 
thp  base  of  the  fall.  On  the  fall  itseif  no  trace  of  tiie  transverse 
structure  was  manifest ;  but  where  the  glacier  changed  its  inclination 
at  the  bottom,  being  bent  upwards  so  as  to  Jhrow  its  surface  into  a 
state  of  intense  longitudinal  compression  ;  where,  moreover,  it  had  to 
bear  the  thrust  of  the  descending  mass  behind,  the  blue  veins  first 
made  their  appeaiance.  The  base  of  the  fidl  was  a  true  eirueiure  miil^ 
where  the  transverse  veins  were  manufactured,  being  afterwards  sent 
forward,  giving  a  character  to  portions  of  the  glacier  which  had  no 
share  in  their  K)nnation. 

The  speaker  afrefwnnls-  pvamined  the  fall  from  thp  opposite  side  of 
the  valley,  and  corroboiatcd  his  obser\ iition^*.    It  is  ditbcult,  in  words, 
to  convey  the  force  of  the  evidence  which  tliis  glacier  presents  to  the 
mind  of  the  observer  who  sees  it;  it  seems  in  fact  like  a  grand  labom- 


Digitized  by  Google 


74 


tory  experiment  made  by  ^Nature  herself  with  e?»peciai  reference  to  the 
uoint  in  questwn.  Tiie  squeezing  of  the  mass,  its  yielding  to  the  force 
brought  to  bear  upon  it,  its  wrinkling  and  scaling  0%  and  the  appear- 
ance of  the  v&n»  at  the  exact  point  where  the  mmue  begine  to 
maoifert  itself^  left  no  donbt  upon  the  fipeaker^a  mind  that  preMire  atid 
stmoture  stood  to  each  other  in  the  relation  of  caoie  and  eflact^  and 
that  the  stratification  could  have  nothing  to  do  with  the  phenomenoii  as 

here  exhibited. 

lie  afterwards  crossed  the  Strahlcck.  desceiulefl  the  <^laciers  of  the 
Aar,  crossed  the  Griin^l,  and  exaimiied  the  p:lucier  of  the  Kfionn. 
This  glacier  ha^  also  its  grand  ice-fall.  In  coinpany  with  Protet^bor 
liamsay  he  climbed  in  1858  the  precipices  which  flank  the  fall  at  the 
Grineel  side.  In  company  with  Mr.  Hnxley,  he  had  in  1866  ascended 
the  hdghts  on  the  Fnioa  aide  of  the  What  he  has  stated  regard- 
ing the  Grindelwald  ioe-fiill  is  true  of  that  of  the  Bhone ;  the  base  of 
the  cascade  is  the  manufactory  qf  the  Mmdure ;  and,  as  all  the  ice  has 
to  pass  through  the  mill,  the  entire  mass  of  the  glacier  from  the  base 
ol"  tiie  fall  flownwards  is  beautifully  laminated. 

He  afterwards  descended  the  valley  of  the  Khoue  to  Viesch,  as- 
cended the  Egi>ishorD,  and  remained  for  eight  days  in  the  riciuity  of 
the  great  Aletsch  glacier — the  noblest  ice-stream  of  the  Alps.  A 
highly  intelligent  explorer  had  adduced  certain  phenomena  of  the 
Aletsch  glacier  as  an  evidenoe  against  the  pressure  theonr  of  the  veiiied 
structure;  and  the  speaker  did  not  tinnk  himself  justified  in  quitting 
the  place  until  he  had  perfectly  satisfied  himself  that  the  glacier  not 
only  presented  no  phenomcnn  nt  vnriance  with  the  prt*?»«iurf»  th«»ory,  but 
exhibited  some  which  seemed  fatal  to  the  tfienn'  of  strai itication. 

lie  subsequently  proceeded  to  Zermatt,  and  spent  ten  days  on  the 
PiHielberg,  exploring  the  entire  system  of  glaciers  between  Monte  Kusa 
and  the  Mont  Cervin.  These  glaciers  exhibit,  perhaps,  in  a  more 
striking  awnner  than  any  others  in  the  Alps,  the  yielding  of  glacier 
ice  when  sntgected  to  intense  prysure.  The  great  western  slaeier  of 
Monte  Bosa,  the  Sohwartie  glacier,  the  Trifti  glacier^  the  ^aden  of 
St.  Theodule,  are  first  spread  out  as  wide  and  eztenrive  n^v^s  over  the 
br^sts  of  the  ninmrtains.  Th<-y  move  dowTi,  arid  nre  fiimlly  forced 
into  the  valley  r(fi)iaiinn«r  ihv  trunk,  or  (iorner  glacu  i  .  Here  they  are 
squeezed  to  narrow  stri|>es,  which  gradually  dwindle  in  width  until 
they  torm  driblets,  not  more  than  a  few  yards  across.  From  the 
Gorner-grat,  or  from  the  summit  of  the  Rifll^lborD,  these  parallel  stripe 
of  glacier,  each  separated  from  its  neighbour  by  a  medeal  momine, 
present  a  most  striking  and  instructive  appearance. 

The  structure  of  these  glaciers  was  carrfiilly  eiamined,  and  la  all 
cases  as  the  observer  travelled  from  regions  where  the  pressure  was 
feeble  to  regions  w  ?jpre  it  was  intense,  the  ice  changed  from  a  state 
almost,  if  not  ciilii<  ly,  structureless,  to  a  state  in  which  the  veining  was 
exhibited  in  great  perfection.  h  glacier  where  it  met  the  opposing 

inms  in  the  trunk  valleys  and  wa^i  pressed  against  the  latter  by  the 
thrust  behind  it,  exhibited  a  beautifullv  developed  structure. 

In  a  former  discourse  he  had  adduced  prooft  tliat  the  Glacier  da 
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G^nt  was  in  a  state  of  longitadinal  eompression ;  he  had  alao  ahowti 
that  the  aeams  of  white  ice  which  intersect  this  glacier  are  due  to  the 
filling  up  of  the  channels  of  glacier  streams  by  snow,  and  the  snbscqueiit 
t*()i!i])rpss;inn  of  the  substance.  Here  then  we  liave  a  vast  ice-press 
.  which  furnislies  us  with  a  test  of  the  pressure  theory.  Both  in  1857 
and  1858,  the  speaker  found  niauy  of  these  seams  of  white  ice  i  nte- 
sected  by  blue  veins  of  the  finest  and  most  distinct  character,  their 
geneial  diieetion  being  at  right  angles  to  the  difeetion  of  yromure. 

The  speaker  next  considered  the  e^jections  which  might  be  made 
to  his  condusiotis  by  an  advocate  of  the  theory  of  stratification ;  refer* 
lifig  to  the  notions  of  M.  Agassiz  as  to  the  tiimiog  up  of  the  stimfn  so 
as  to  expose  their  edges  at  the  surface,  and  also  io  the  firute  remarks 
and  arg^uments  of  31r.  Jo!in  Ball.  PTe  admitted  that  these  remarks 
niii^ht  well  tend  to  cRsi  a  doubt  ujjoo  the  pressure  theory,  by  sug- 
gesting a  possible,  thoiipfh  extremely  iiupiobuble,  solution  of  the 
question,  in  harmony  witli  the  theory  of  stratification. 

Heoce  his  strong  desire  to  discover  some  cmcial  phenomenon  which 
efaoold  set  this  question  fiur  ever  at  rest^  and  leave  no  room  Ibr  doubt, 
even  on  the  minds  of  these  who  never  saw  a  glacier.  On  Wednesday, 
the  18th  of  August,  he  was  fortunate  enough  to  make  this  discovery 
upon  the  Furgge  glacier. 

This  ice-tield  spreads  out  as  an  almost  level  plain  at  the  base  of 
Mont  Cervi?!.  The  strata  pile  themselves  one  above  the  other  without 
disturbaijce,  and  heiict  with  great  regularity.  The  ice  at  length  reaches 
a  brow  w  hicii  forms  the  terminatj<m  of  a  lower  valley,  shutting  up  the 
latter  as  a  «ti<  lis  loc;  and  down  this  brow  it  is  precipitated,  fbrming  in 
its  descent  four  great  terrsoes*  Huge  blocks  or  ice  stand,  like  rocking 
stones,  upon  the  topmost  ledge,  and  numbers,  which  have  foUen,  have 
been  cai^ht  by  the  other  ledges  and  occupy  very  threatening  poeitions : 
the  base  of  the  fall  is  cumbered  with  crushed  ice,  and  large  boulders  of 
the  substance  have  been  cast  a  considerable  ^ay  down  the  glacier. 

On  the  faces  of  tJie  terraces  horizontal  lines  of  stratification  are 
shown  in  the  nuysi  j>trfect  manner.  Here  and  there  the  exertion  of  a 
powerful  lateral  squeeze  is  manifest,  causing  the  beds  to  crumple,  and 
producing  numerous  foults.  Eiamining  the  mil  ^(om  a  distance  through 
an  o|)Lni  glass,  the  speaker  thought  he  could  discover  lines  of  vemmg 
mnning  through  the  strata,  at  a  high  angle,  eiactly  as  tlie  planes  of 
cleavage  often  run  at  a  high  angle  to  the  biadding  of  slate  rocks.  The 
snrface  of  the  ice  was,  however,  weathered  ;  and  he  was  unwilling  to 
accept  an  observation  upon  such  a  cardinal  point  with  a  shade  of  fioubt 
attached  to  it.  Leaving  his  glass  with  his  guide,  who  was  to  give 
warning  should  the  blocks  overhead  give  way,  lie  advanced  to  tlie  wall 
of  ice,  aud  at  several  places,  cut  away  witii  his  axe  the  withered 
superficial  portions.  Undenieath  he  found  the  true  veined  structure, 
rmmitig  nearly  at  right  angles  to  tkepUmes  of  siratifieaHon* 

He  afterwards  climbed  the  glacier  to  tlie  rttht,  and,  as  he  ascended, 
still  better  illustrations  of  the  coexistence  of  the  stnicture  and  the 
stmta  than  those  which  lie  had  observe<l  upon  the  terraces  exhibited 
tliemflelves.   The  ice  was  greatly  dislocalsd,  and  on  the  foces  of  the 
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crevasses  the  beds  were  shown  with  the  veins  ( rousing  them.  The 
idea  that  the  veins  could  be  due  to  the  turning  up  of  the  strata  is  plainly 
irrecoucileable  with  these  observations. 

The  speaker  iubseqaently  vbated  the  Mer  de  Glacej  and  its  tribo- 
taries,  and  found  the  same  key  applicable  to  their  phenomena.  The 
transverse  structure  of  the  Glacier  du  Geant  is  formed  at  the  base  of 
the  series  ;  that  of  the  Talefre  branch  of  the  Mer  de  Glace  at  the  basse 
of  the  Talefre  ice-fall,  where  the  change  of  inclination  and  the  thnist 
from  behind  develop  the  requisite  lorj^ittK^hial  cornpre«?sion.  He  has 
already  had  occasion  to  remark  iipor)  the  jxH  iiliar  dipping-  of  the  struc- 
ture, Htid  the  scaling-ofl  of  tlie  protuberances,  which  are  effects  of  the 
same  cause.  These  phenomena  are  exhibited  at  the  base  of  all  the  ice 
cBfloades  visited  by  the  speaker. 

He  divided,  finally,  the  principal  kbids  of  structure  into  three ;  as 
follows 

let,  Marginal  structurcy  developed  by  pressure  due  to  the  swifter 

motion  of  the  centre  of  the  glacier. 

2nd,  Lot}(ji(ii(linal  structure,  due  to  mutual  pressure  of  two  tribu- 
tary glaciers;  the  structure  here  is  parallel  to  the  medial  moraine 
vhich  divider  the  tributaries. 

3rd,  Transverse  struct i/re,  produced  by  pressure  due  to  chaiige  tif 
inclination  and  to  the  longitudinal  thrust  endured  by  the  glacier  at  the 
base  of  an  ice-fiUl. 

The  speaker  then  entered  upon  the  phyncal  analysis  of  the  manner 
in  which  the  pressure  produced  the  veins.  When  a  liquid  is  heated, 
the  attraction  of  the  molecules  operates  against  the  action  of  heat, 
which  tends  to  lear  them  asunder  ;  at  a  certain  point  the  heat  triumphs, 
the  cohesion  is  overeonie,  and  tlie  liquid  boils.  But  supposing-  we 
a  <ist  titc  attraction  of  the  molecules  by  the  application  of  an  extenml 
])res8uie,  liie  diHiculty  of^ tearing  theiu  asunder  will  be  increased,  more 
heat  will  be  require(l  for  this  purpose,  and  we  say  that  the  boiling 
point  of  tiie  liquid  has  been  elevated  by  the  pressure. 

Spheres  of  sulphur  were  exhibited,  which  bad  been  cast  in  a  mould ; 
tliese,  on  cooling,  contracted  so  as  to  leave  a  large  space  hollow  within 
each  sphere;  the  same  occurred,  though  in  a  less  degree,  with  lead  and 
most  other  substances.  Conceive  the  sphere  replaced  in  the  mould,  and 
the  latter  heated :  to  liquefy,  it  is  necessary  that  the  sulphur,  or  the 
lead,  should  swell.  Here,  as  in  the  former  rase,  the  swelling  of  Hie 
substtince  is  opposed  by  the  attraction  of  its  molecules;  but  with  a  cer- 
tain amount  of  heat  this  attraction  is  overcome;  we  reach  the  fusing 
point  of  the  solid,  iiut  suppose  we  assist  the  molecules  by  external 
pressure,  a  greater  amount  of  heat  will  then  be  necessary  to, tear  them 
asunder :  and  we  say  the  lumtig  point  has  been  ^emUed  by  the  pressure. 
Reference  was  made  to  the  researches  of  Mr.  Hopkins  and  Mr.  Fair- 
bairn,  in  which  this  reasoning  was  experimentally  verified. 

But  the  speaker  also  exhibited  a  sphere  of  bismuth,  and  showed  that 
this  metal  cTjyanderi  during  its  solidifirr^tien  ;  hence,  in  onler  to  liquefy 
a  pphere  ofbismutli,  tlip  snh^t.nire  mwM  contract :  the  molecules  must 
arrange  themselves  more  clo:^iy  together.    Ueat  produces  this  cou- 
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tmetioii ;  and  it  is  manifeflt  that  external  prearare  to  this  oa«e  asiuiis 

the  heat,  instead  of  opposing  it,  and  that  to  fuse  the  metal,  under  pres- 
soTpf  a  leas  amount  of  heat  will  be  necessary :  hence  the  fusing  point  of 
bi>muth  i<  tower fd  by  the  pressure.  Now  ice  is  a  substance  which 
behaves  in  this  resp*  ct  exactly  like  bisniutli  :  it  contractu  on  being 
liquefied,  and  if  we  subject  it  to  pressure  it  will  liijuetV  ««c/(*/32*' Fahr. 
— in  iu  case  also  the  melting  poim  i»  luwert^i  by  pre^^ure.  Keference 
was  made  to  the  theory  of  Mr.  James  Thomson,  and  the  experiment:} 
flf  Profesaor  Wm.  Thomsooy  which  bore  upon  this  qtieation. 

Supposing  then  a  prism  of  solid  ioe  at  32P  to  be  subjected  to 
pressure.  This  pressure  reduce  its  melting  point,  say  for  the  sake  of 
dnplieity  to  31° ;  what  must  be  the  consequence  ?  The  ioe  possesses  a 
temperature  higher  than  its  new  melting  point,  and  the  excess  of  heat 
wliich  it  possesses  is  applied  to  the  liquefaction  of  a  j)ortion  of  it. 
liiis  ertect  was  ex[^rimentany  exhibited  before  the  ainJu  iJce.  A 
|iri-ni  of  ire  was  placnl  betweoii  tl»e  surfaces  of  a  small  hydraulic  prev*, 
ai.u  tuc  pri^m  wa.s  iliuiuinuted  by  the  bright  beatn  ot  an  electric  lamp. 
The  beam  Lad  been  previously  sifted  of  hmt  by  sending  it  through 
I  aolntkm  of  alum,  so  that  the  light  passed  afterwards  tbrouffh  the  ice 
without  melting  it.  By  means  of  a  convex  lens  placed  in  front  of  it, 
a  magnified  image  of  the  prism  of  ice  was  cast  upon  a  screen,  and  when 
ths  pressure  was  grlulually  applied,  Ibes  were  observed  drawing  them- 
lelves  across  the  pressed  mass  in  a  direction  at  right  angles  to  the 
pTfsmre :  th€»«^e  lines  the  speaker  had  proved  by  strict  exaniination  to 
be  the  edges  of  tiat  spaces  in  which  the  ice  had  been  liquetied  by  the 
pre&rtire. 

The  speaker's  theory  of  die  biue  veins  then  was,  that  the  glacier, 
whan  subjected  to  intense  pressure,  also  liquefied  in  flats  perpeiKiicular 
ta  the  direction  of  pressure ;  a  means  was  thus  provided  mr  the  expul- 
mn  of  the  air  entangled  in  the  ice,  or  in  other  words  for  the  production 
of  veins  containing  less  of  air  than  the  general  mass  of  the  gucier.  A 
portion  of  the  water  would  be  absorbed  by  the  adjacent  bubbled  ice^ 
and  refrozen  when  released  from  the  pressure;  and  the  veined  structure 

would  follow. 

Tiie  ioUowing  experiment  was  referred  to.    A  prismatic  mess  of 


ice  was  taken,  the  shape  of  which,  in  section,  was  that  of  a  ^  e    fig.  1, 
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The  side  a  b  was  purpoady  left  longest  in  order  to  throw  the  praaare 
upon  that  nde.   The  imM  was  squeezed  between  the  slabs  of  wuod 


8 and  8^^  and  the  lesnlt  was  that  shown  In  fig«  2;  the  side  a  which 
had  borne  the  pressure  became  liquefied  in  flats,  as  shown  in  the  figure. 


Fig.  3  is  a  section  of  the  portion  of  the  Grindelwald  glacier  already 
referred  to :  at  the  point  A  the  glacier  changes  its  inclination,  and 
pressure  comes  into  play ;  at  this  point  the  veins  begin  to  be  found, 
and  in  a  very  short  distance  reach  perfection.  A  comparison  of  both 
diagrsms  at  once  suggests  their  relationship. 

[J.  T.] 
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G£N£KAL  MONTHLY  M££TING, 
Mooday,  March  7»  iSfl^. 

WiLUAM  Fsoi.i|  Eag.  ILA.  F.BJ3.  Treisurer  and  Yioe-F^deDty 

mtheC%«lr. 

Thonua  B.  Baskett,  Esq. 
James  Batemany  Eiq.  M*A.  F.R.S.  L.S.  Ae. 
Unniam  De  la  Rue,  Esq.  F.R.G.S. 
Howard  Warburton  Elphinttone,  Esq.  M,A. 

Philip  Charles  Hardwick,  Esq. 

Ilcnry  Warwick  Hunt,  Esq.  li.A. 

Frederick  Hardwick  Johnson,  Esq. 

Francis  Le  Breton,  Esq. 

Joseph  Montefiore,  Esq. 

James  Nasinyth,  Esq. 

John  Pearson,  Esq. 

Hall  Rokeby  Price,  Esq. 

Arthur  John  Edward  Russelli  Esq.  M.P. 

Beqjamin  Leigh  Smith,  Esq. 

were  duly  elected  Members  of  the  Boyal  Institution. 

The  Earl  of  Ashbuniliam,  and 
John  Derby  AUcroft,  Esq. 

were  admitted  Members  of  the  Royal  InttitutioD. 

The  following  Presents  were  announced,  and  the  thanks  of  the 
Members  retained  for  the  same : — 

From 

Agricultural  Society  ef  En^tuid,  i2oya/— Jonmal,  Jan.  No.  42.   8to.  1858. 

Jbt»,  Societtf  o/*— Journal  for  Jan.  1859.  8to. 

A$troHomicaii  Society^  Royal — Monthly  Notices,  Jan.  1859.  8vo. 

Bdl,  Jacob,  E$q.  itf  J?./.— Pharmaceatical  Joomal  for  Feb.  1869.  8yo. 

JiMwy,  Mem.  (Oe  PtAKakenJ^Tht  MoM  World  far  Feb.  1869.  4to. 

Briti$k  Arrhitrcifi,  Tnstittdt  ^—Proceedings  for  Feb.  1859.  410. 

Editorn— The  Medical  Circular  for  Feb.  1859.  8vo. 

The  Practical  Mtchauic's  Journal  for  Feb.  1859.  4to. 

The  Journal  of  Gas-lightinff  for  Feb.  1859.  4tO. 

The  Mc'ohauics' Magazine  for  Feb.  1859.  8m 

The  AtheDatun  for  Feb.  1859.  4to. 

The  Snguiser  for  Feb.  1869.  Ad. 

ThsAr6BsfrrFeh.l869.  4to. 
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FaradajuJ^n^esior^  D.C.L.  F.K.S.—M^^TXavca  de  Chimie,  par  C.  Bftrreswil  uimI 

A.  wnrU.    No.  5.   8vo.   Paris,  185$. 
Kdoigliche  Preussischen  Akademle,  Bench te,  Nov.  and  Dec,  1858.  8yo. 
Franklin  Institute  of  l^ennxylrania—Jonm&\,  Vol.  XXXVII.    No.  1,    SfO.  1858. 
Onlojficat  ^tel^ —Proceedings  for  l>ec.  1858  and  Jan.  185i^.  8vo« 

QnarterlT  Journal,  No.  57.   8to.  1850. 
Otaufard^  C.  F.  Esq.  {the  ^uiW)— LoddoD  flewige:  Shall  it  1m  Waatod  or 

Ixionomiied.    8vo.  1^88. 
HowleU,  Esq.  i^the  Author) — Table  for  Mountain  Barameters. 

JLmit  Fkilmpkiaa  SocMty— J.  P.  Gmwfiird,  fiaq.  P.B.8.— On  Cbim  and  iti 

Trade.    8vo.  1858. 
Sir  J.  F.  Herschel — On  Seiisorial  Vision.    Bvo.  1858. 
CUr.  Tremblav — Comets,  their  Constitution  and  Phases.    8vo.  1859. 
Uiff/Uom,  Joht,  Eaq.  P,8^,  M,RJ,  {the  iftnlAor)— The  Library  s  Booki  and  Bind* 

ing.   A  Lecture.    8vo.  1859, 
LinttecM  Soctely-- Proceedings,  Supplemeut  No.  I,    8vo.  1899. 

Transactions.  Vol.  XXII.    Part  3.    4to.  1859. 
Mackie,  S.  J.  Esq.  r.a.S.  (the  Editor)— The  Geologigt,  Feb.  1859. 
NewtoHy  Messrs. —  London  Journal  (New  Scries)  for  Feb.  18.59.  8vo. 
Novdlo,  Mr,  (the  Fubltshar)-'The  Musical  Times  for  Feb.  1859.  4to. 
Petermamit  A.  Esq.  (the  £liiCor>— fifittheilungen  anf  dem  GcnunmtgebicCe  der 

Geographic.    1859.    Heft  1.    4to.    Gotba,  1859. 
rhotofjTophic  Societif — Journal,  Nos.  79,  80.    8vo.  1859. 
i^yai  6We<tf  —  Proceedings,  No.  33.    8vo.  1858. 
Smith  Yiwkmrt  Vv&wtri  JftaoeMliM— Fint  Amraal  Report.   8to.  1858. 
Statistical  Societi/  -,hnirm\.  Vol.  XXII.    Part  1.    8vo.  1859. 
Ihglor,  Alf  red  S.  M,D.  F,U.S.  M.R.I,  (lAe  Auihoty^  Poisou.   2nd  EdiUoo. 

16to.  1859. 

Tbjflor,  Jew.  TF.  F.i?.8.  MJ?./.~ADecdoteDi&ger.   8to.  1858. 

Vertins  zur  BeJV/rderung  des  Gewerbfletsses  in  Preussrn — Nov.  and  Dec.  1858.  4to. 
Wilmm^  Tltotnas,  E»f.  M.R.I,  (the  Author)— An  Boquiry  into  the  Origin  and 
Intimate  Nature  of  Malaria.   8yo.  1858. 


W££KLY  £V£NING  M££T1NG, 
Friday,  JdArch  11, 1859. 
CiiAULEs  WuEATSTONE,  Esq.  F.E.S.  Vice-President,  iu  the  Ciiair, 

William  Odlino,  M.B. 

8BCUETABY  TO  THS  CHEMICAL  SOCIETY. 

Oil  Magnmum^  Calemm^  LUkmrn^  and  their  CUmgeturt, 


The  majority  of  the  mot;i)s  known  at  the  beginning  of  the  present 
century  were  observed  to  occur  naturally  in  the  earthy  or  oxidised 
state.  The  alkalies  and  earths  proper,  from  their  many  analogies  to 
the  metal-yielding  earths,  were  long  suspected  to  be  the  oxides  of 
certain  unknown  metals,  whose  tendencies  to  maintain  the  osddised 
condition  were  stronger  than  those  of  any  metals  which  had  yp  to 
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thti  time  been  isolated.  This  conoeption  was  first  verifiud  by  Sir 
Humphrey  Davy  in  1807,  and  has  since  been  abundantly  rralij^ed. 
From  their  characteristic  property  of  nenti-alizing  acids  to  form  "salts, 
tiie  earths  and  alkalies  r»iceived  the  name  of  ba^s,  and  tiie  utetals 
eventually  extracted  fiorn  tliem  became  known  as  basic  or  basylous 
iuetal&  Some  of  these  metals,  particularly  those  obtained  from  mag- 
nesia, Ume^  aod  Ittbia,  have  only  of  late  been  procnred  in  qoantitieB 
mffieient  to  aUow  of  a  demonstimtion  of  their  properties. 

The  highly  beaylons  and  the  commercial  metals  are  alike  obtained 
by  three  {nincipal  processes,  namely  electrolysis,  precipitation  by  means 
Of  another  metal,  and  reduction  by  charcoal  at  a  red  or  white  heat.  * 

a.  Ehrfroltfsis. — Very  many  metallic  compounds,  when  subniitr^^d 
to  the  action  of  a  galvnnic  current,  are  decomposed,  with  a  deposition 
of  metal  upon  the  negath  e  ])ule  of  the  battery.  Altliougii  a  cheap 
electrolytic  procescj  lias  been  devised  for  the  extraction  of  copper  from 
ito  ores,  yet,  altogether,  electrolysis  is  too  expensive  to  admit  of  employ- 
ment for  the  mere  aepaiation  of  the  commerdal  metals.  It  is,  howeveri 
hugely  applied  in  the  fine  and  useiul  arts  fer  the  ptodaction  of  difibrent 
metals  in  certain  required  forms,  hi  tlu  well -known  operations  of 
electrotyping',  electroplating,  &c.  The  liquid  state,  which  is  an 
es?*ential  condition  for  electrolysis,  is  usually  obtained  by  dissolving 
the  metallic  compound  in  water;  but  for  procuring  the  highly  basylons 
metals,  this  means  dues  not  succeed,  inasmuch  as  tliese  metals  cannot 
exist  in  contact  with  water.  The  basylous  metals  seem  indeed  to  be 
deposited  upon  the  negative  pole ;  but,  simultaneously  with  tiieir  pro- 
dnetioo,  they  are  acted  upon  by  the  water  of  the  solution,  and  thereby 
converted  ioto  the  state  of  caustic  alkali.  The  liquid  condition  is  con- 
seqoently  attained  by  means  of  fusion.  Certain  salts  of  the  basylous 
metals,  usually  the  chlorides,  from  their  ready  fusibility,  are  melted  in 
suitable  crucibles,  and  then  submitteil  to  electrolysis;  this  is  the  only 
mode  by  which  the  metals  calcium  and  lithium  are  obtainable. 

^.  Precipitation  o  f  one  metal  by  another. — This  process  is  largely 
employed  on  a  marmiacturing  scale.  At  the  miiK  s  of  Freybiiror,  me- 
tallic silver  is  obtained  by  agitating  chloride  of  silver  with  sciap  iron. 
The  iron  enters  into  combination  with  the  chlorine,  and  turns  out  the 
silver.  At  the  Royal  Mint,  diver  is  obtained  by  immersing  plates  of 
copper  into  solution  of  sulphate  of  silver.  At  the  Cornish  mines,  con- 
lid^iable  quantities  of  copper  are  anntially  obtained  by  immersing 
pieces  of  iron  in  solutions  of  copper.  These  processes  are  performed 
in  the  wet  wnv.  As  rh  exrimple  of  the  dry  wny,  we  may  adduce  the 
metal  autliiiony,  which  is  made  romTnerci;<l I y  I)y  fusing  sulphide  of 
antimony  with  scrap  iron.  The  iron  turn-  nut  tlie  antimony  and  unites 
with  the  sulphur.  Similarly  the  metals  aluminium  and  mapfnesium  are 
prepared  by  fusing  their  respective  chlorides  with  metallic  sodium ; 
the  sodium  unites  with  the  chlorine  and  turns  out  the  aluminium  or 
magnesium.  To  obtain  metals  by  this  process  of  substitution,  it  is 
ordinarily  necessary  that  the  metal  used  to  expel  another  must  be  more 
basylous  than  the  metal  expelled ;  hence  it  is  tliat  sodium  is  required 
ibr  the  production  of  magnesium.   With  the  exception  of  potassium, 

Vol.  hi.   (Na  29.)  G 
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wblch  is  much  more  ezpeniiive,  sodium  is  the  most  basylous  of  the 
metals;  it  even  serves  to  displace  the  quasi-metallic  gronpintr  of 
hydrogen  and  nitrogen,  known  as  ammonium.  Amalgam  of  soHiiuii, 
introduced  into  a  solution  of  chloride  of  ammonium,  forms  chloride  of 
>(Hliuni  and  amal«^ani  of  annnonitnn.  But  these  most  hisrhly  basyloua 
riu  ials,  potassium  and  Mxiiuiu,  utiord  remarkable  exceptions  to  the  law 
that  Imsylous  metals  replace  leas  basylous  metals.  Thasy  although 
when  sodium  is  heated  with  hydiate  of  iron,  the  sodium  expels  the  iroo, 
as  might  l>e  anticipated,  yet  when  hydrate  of  sodium  and  iron  boiings 
aio  heated  together,  a  reverse  action  takes  place,  and  the  iron  turns 
*out  the  sodium,  as  in  Gay-Xiussac's  process  for  the  production  of  that 
metal.  This  reciprocity  of  rcsnlf"  only  an  extreme  instance  of  a 
tolerably  general  law.  In  a  similar  manner,  tiiougli  mercury  displace 
silver  from  argentic  nitrate,  yet  silver  displace  mercury  from  mercu- 
rous  nitrate.  Though  copper  displaces  silver  from  argentic  sulphate, 
yet  silver  displaceti  copper  from  cupric  sulphate.  Though  cadmium 
di^loces  copper  from  cupric  chloride,  yet  copper  diqilaoes  cadmiiim  fiom 
eadmic  chloride,  &c.  4be.  Some  of  these  results  appear  to  depend  on 
Brodie's  law  of  homogeneous  aflUnity :  thus,  when  cadmium  is  deposited 
upon  copper,  we  have  the  reaction, 

+  -       +-         -f-  +- 

Cu  Cu  -f  Cd  CI    =    Cki  Cu  +  Cu  CI 

y,  Hedttctior*  by  chareoaL — ^This  is  the  most  usual  means  adopted 
for  the  production  of  metab  on  a  manufacturing  scale.  Bronner^s 
process  for  obtaining  potassium  and  sodium  is  an  exact  counterpart  of 

the  commercial  process  for  obtaining  zinc ;  in  each  case  the  metal  is 

evolved  in  the  gaseous  state,  or  distilled,  from  a  heated  mixture  of  its 
carbonate  witli  charcoal.  The  ^^nie  reciprocity  exists  between  sodium 
and  charcoal  as  between  sodium  and  iron.  Thus  carbon  decompcM^s 
oxide  and  car l>on;ife  of  soilimn  to  form  carbonic  oxide  or  anhvdride 
(acid).  But  aodium  heated  in  carbonic  oxide  or  anhydride  liberatcii 
carbon,  and  forms  oxide  or  carbonate  of  sodium.  Indeed  chemical 
re-actions  are  not  absolute  but  conditional ;  under  reversed  condition 
we  obtein  reversed  results. 

Moffnesium. — Chloride  of  magnesium  is  the  source  from  whicl  the 
metal  is  usually  obtained.  Becquerel  succeeded  in  procuring  octahf  flnl 
crystals  of  magnesium  by  the  electrolysis  of  a  solution  of  eliloride  of 
magnesium.  But  liie  metal  is  [)referably  obtained  hv  rl err rolvsinf>*  the 
fused  salt.  INIattliiessen  eniphiys  a  common  toija<'rn-|iij>f>  for  the 
purpose  :  tlie  bowl  ib  hiled  with  fused  chloride  of  mai^rjeMum,  or  rather 
with  a  roixturo  of  chloride  of  magnesium  and  chloride  of  potassium, 
which  is  more  easily  prepared  than  the  pure  nit*  The  negative  pole, 
to  which  the  magnesium  attaches  itself,  consists  of  an  iron  wire  passing 
through  the  pipe-stem.  The  positive  pole  consists  of  a  pointed  piece 
of  gas-carbon  dipping  into  the  fused  mixture  of  salts.  IMag^nesium  is 
however  obtained  mo^t  abundantly  by  heating  its  chloride  with  mo- 
tallic  sodiuu),  wi  belure  referred  to.    The  sodium  turns  out  the  mag- 
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neiiiiiii,  which  collects  in  globulw  that  may  be  melted  together  under  a 
flox  of  low  doDsity.  Magnerinm  10  a  solid  metal  of  a  silver-white  colour. 
Its  appearance  contrasts  &vourably  with  that  of  aluminium,  which  has 
a  decided  bluish  tinge.  The  freshly  cut  surface  of  metal  is  highly  Iiis- 
trons  ;  it  does  not  tarnish  in  dry  air,  and  acqiiin'*?  only  a  film  of  oxide 
in  moist  air.  Magrii'simn  \^  \mt  very  slowly  acted  upon  by  pure  culd 
water.  It  decomposes  boilmg  water  somewhat  rapidly  witli  evolution 
of  hydrogen.  Its  spticihc  gravity  is  l-7o.  It  is  about  one  and  a  half 
timea  lighter  than  siumiuiam,  and  is  indeed  the  lightest  of  all  metab 
that  are  permaiMDt  in  the  air.  One  enbio  inch  of  platinum  balances 
124  eabic  inchesof  magnesium,  and  only  8|  cubic  incliea  of  aluminium. 
At  Ofdinary  temperatures  magpnesium  is  somewhat  brittle^  and  may  be 
readily  cot  or  filed.  It  is  neither  very  malleable  nor  very  ductile ; 
hut,  at  an  iiKTea-^ef)  temperatnrf,  may  he  hammered  into  plates,  and 
drawn  or  rather  pressed  into  \sire  by  Mattliiessen's  process.  The 
metal  is  placed  in  a  small  hollow  steel  cylinder,  having  a  hole  drilled 
ill  its  anterior  face.  Through  this  hole  the  metal  b  forced  in  the  form 
of  wire^  by  meai»  of  a  press,  acting  through  the  intervention  of  an 
iroD  fristooy  fitting  into  the  hollow  of  the  cylinder.  Magnedom  is 
readily  volatile ;  so  much  so  indeed,  as  to  allow  of  its  being  purified 
by  distillation  in  an  atmosphere  of  hydrogen.  It  it  a  highly  coon* 
bustiblo  metal,  and  trams  brilliantly  in  air  or  oxygen,  with  a  pure 
white  flame.  A  magnesitnn  wire,  ignited  at  one  end,  will  continue  to 
bum  through  its  entire  length.  Magnesium  corresponds  rlosely  in  its 
pro{>erties  with  zinc,  and  through  zinc  approximates  to  caiiiiiiiini.  The 
atomic  weight  of  zinc  is  the  mean  of  thv  atomic  weights  of  iii;iL;nesinni 
and  cadmium;  and  tlie  atomic  volume  of  zinc  is  the  mean  of  the 
atomic  Tolumes  of  magnesium  and  cadmium. 

diletMii.-^This  metal  does  not  result  from  the  action  of  sodium 
upon  chloride  of  calcium,  but  is  obtainable  only  by  the  electrolysis  of 
that  Mlt,  rendered  a  conductor  by  fusion.  It  is  a  solid  roelal,  of  a 
aomewliat  yellowish  colour.  It  is  highly  lustrous,  but  tarnishes  quickly 
in  the  air,  and  gradually  becomes  converted  throughout  into  oxide  of 
calcium,  or  lime.  Tt  decomposes  cold  water  rapidly  with  evolution  of 
hydm^en.  Jt<  >[irriftc  gravity  is  I '08.  It  is  moderately  hanl, 
m.illeablu,  and  duciilc.  It  has  not  been  volatilized.  When  heated  to 
redn^-  i&  in  the  air,  it  burns  with  a  sciniiiiuting  tia£>h  ;  but,  in  con- 
•aqoance  of  its  want  of  volatility,  does  not  inflame.  Calcium  bears  to 
ita  confl|enerB,  stnmtiom  and  barium,  rektions  similar  to  those  which 
mgaesinm  hears  to  its  congeners  sine  and  cadmium ;  save  that  the 
members  of  the  oaldc  family  are  associated  rather  by  an  equality,  and 
those  of  the  mag^esian  family  by  a  gradation  of  properties.  The 
atomic  volume  and  atomic  weight  of  -trontinm  are  respectively  tlio 
means  of  the  atomic  vobunps  and  at  Miiir  wptirht-s  of  calcium  and 
barium.  Despite  many  points  oi  ir-cniltlaiict'.  t ho  difierences  between 
calcium  and  magnesium  are  well  marktd.  i  iais  magnesium  and  zinc 
are  volatile  and  inflammable  metals,  permanent  in  the  air,  scarcely 
aeled  upon  by  cold  water,  and  obtainable  by  treating  their  respective 
eblorides  with  sodium.   Calcium  is  neither  volatile -nor  inflammable, 
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is  qaickly  oxidised  in  the  air,  is  rapidly  acted  upon  by  water,  and  is 
not  obtainable  by  treating  its  chloride  with  sodium.  The  hydrate  of 
calcium  is  soln^le  in  water,  tlie  hydrates  of  magnesium  and  of  zinc 
insoluble.  Ilydrated  chloride  of  calcium,  when  heated,  evolves 
water,  but  the  hydrated  chloride:}  of  magnesium  aud  zinc  evolve 
chlorhydric  acid,  <fec. 

Lithium  is  a  ver)'  sparingly  distributed  elemeut.  It  occurs  native, 
in  proportions  varying  from  3  to  12  per  cent.,  in  oertadn  complex 
silicates,  fluorides,  and  phosphates ;  and  is  obtained  in  the  metallic 
iatm  by  the  electrolysis  of  fused  chloride  of  lithium.  The  specific 
gravity  of  lithium  is  0  *  59.  With  the  exception  of  bodies  in  the  gaseous 
state,  it  is  the  lightest  substance  in  nature.  It  floats  upon  every  known 
liquid.  One  cubic  inch  of  platinum  balances  36^  cubic  inclie*  of 
lithium.  Lithium  is  a  white-coloui*ed  lustrous  metal,  rapidly  oxidised 
by  expos!ire  to  the  air.  It  is  softer  than  lead,  and  may  be  cut  with  a 
knife,  or  squeezed  between  the  lingers.  It  is  readily  obtained  in  the 
form  of  wire,  by  Matthiessen's  process.  It  melts  at  180'C,  and  at  a 
higher  temperature  volatilizes^  When  heated  to  redness  in  the  air, 
lithium  takes  fire,  and  bums  with  a  brilliant,  highly  luminous^  white 
flame,  that  is  in  curious  contrast  with  the  crimson  colour  which  its 
compounds  impart  to  the  flame  of  ordinaiy  combustibles.  The  pre- 
sence of  lithium  in  anj'  substance  is  usually  ascertained  by  means  of 
this  cHfn^on-i'olonrfd  tlarae,  which,  however,  is  altog-ether  irreeog^ 
nizabie  in  the  presence  of  even  a  small  quantity  of  s<»(liiim  salts,  owing 
to  the  iiittnse  yellow-coloured  tlame  which  they  pioiiiiee,  Cartniell 
has  recently  poioted  out  a  ready  mode  of  detecting  liie  liLliiuui  eoloia- 
tion,  even  in  the  presence  of  a  large  excess  of  sodium  salts,  namely  by 
viewing  the  flame  through  a  layer  of  the  blue  solution  of  8ul])hate  of 
indigo,  which  completely  cuts  off  the  yellow  rays  due  to  the  sodium, 
but  allows  the  uninterrupted  transmission  of  the  crimson  rays  doe  to 
the  lithium.  Gradational  relations,  similar  to  those  of  magnesium, 
zinc,  and  cadmium,  exist  between  lifhiiini,  «odiuni,  and  potassium.  In 
the  solubility  of  its  carbnnah  ,  in  its  decree  oil'  oxidisability,  and  in 
many  other  properti*»s,  sodium  is  strictly  intermediate  between  Ui.  two 
congeners.  De  la  liue  has  observed,  that  metallic  sodium  from  its 
inferior  degree  of  oxidisability,  may  be  preserved  unacted  upon  in  an 
aqueous  solution  of  .caustie  soda.  The  atomic  wdght  and  atomic 
volume  of  sodium  are  respectively  the  means  of  the  atomic  weights 
and  atomic  volunus  of  lithmm  and  potassium. 

lithium  undoubtedly  belongs  to  the  same  family  as  sodium  and 
potassium.  Like  these  two  metals  it  is  soft,  readily  fu.>iblc  and 
volatile,  highly  oxidisjible,  and  of  lower  specifir  gmvity  thrui  water. 
Moreover,  its  hydrate  aud  carbonat(>  are  sensibly  soluble  iu  water. 
But  having;  regard  to  the  totality  of  its  characters  in  the  free  and  com- 
bined states,  aud  particularly  to  the  properties  of  its  hydrate,  carbonate, 
and  phosphate,  it  appears  that  the  analogies  of  lithium  to  calcium  and 
magnesiam  respectively,  are  scarcely  lees  marked  than  are  its  relations 
to  the  true  alkaline  metals.  It  seems,  indeed,  as  if  the  metals 
lithium,  calcium,  and  magnesium  stood  upon  the  same  level,  and  that 
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while  the  gndatioo  of  litliiiim,  flodiumi  and  potaariimiy  diverged  in  one 
diiectioii,  the  gradation  of  magiieiiuiii^  zinCi  and  <»dinlaoi  diveiged  in 
another. 

Lithium.  ^alciutu.  Magnesium. 

ScMliimi.  Stronthtnu  Zineum. 

Fotastdom.  Barium.  Oadmium. 

Or,  we  might  say,  that,  as  regards  their  |iroperties,  potaarium,  bariuniy 

and  cadmium,  are  biq-fily  sperializod  forms,  while  litliinm.  oalcnim,  and 
mag-nesium  are  degraded  or  g^eneral  lurin?,  which,  from  the  coni[)aritive 
aWvnce  of  special  charactrrs,  approximate  to  one  another.  TJie  .sums 
and  meaiis  of  the  atomic  vuiumei>  of  the  three  groups  of  elemeuts  are 
•bown  below. 


Sums.  Means. 

Mg.  Zn.  Cd.  .    .    .    14*2  4  7 

Ca.   Sr.  Ba.  .    .     .    24  9  8-3 

Li.  Na.  K.  .    .    .    37-4  12-4^ 

3  )  76*5  8)25-4 


25-5  8*4 


Tf'.e  atoniir  volume  of  the  ralcic  iainily  is  observed  to  be  exactly 
ititcnrifdiate  betwet^n  those  of  the  lithiau  and  maguet»ian  families. 
Similar  relations  exist  between  tiie  atomic  weights  of  the  three 
groups. 

When,  irreq)ective  of  these  curioiu  numerical  relations  between  the 
diflerent  elements  and  groupings  of  elements,  we  find  the  groups 
characteriaEed  by  distinctive  but  correlated  propeirtiesy  and  the  membeis 
of  the  groups  associated  by  community  of  characters,  and  separated  by 
gradational  differences  only,  we  perceive  that  the  possession,  by  each 
element,  of  its  own  special  properties,  is  not  an  accidental  endowment, 
but  ii<  a  necessary  result  of  the  developmeat  of  oue  geueral  compre- 
heosive  plan. 

[W.  0.] 
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WEEKLY  EVENINA  MEETING, 
Friday,  March  18,  1859. 

CiiAUixs  Wheatstone,  Esq.  F.R.S.  Vice-President,  in  the  Cliair. 

Rev.  WaimTem  MiTcufLL,  M.A. 

On  a  New  Method  of  rendering  visible  to  the  Eye  tome  of  ike  more 
ahsfrtue  problems  of  CryHallography,  hiiherio  considered  onljf  as 
Mathemaiical  AbJfraeHons. 

The  nnpoittlarity  of  crystallography  'may  be  attribated  to  the  dif- 
ficulties so  many  people,  especially  those  who  have  not  had  a  good 
mathematical  training,  meet  with  in  attempting  to  master  the  coticep- 
tioD  of  forms  involving  some  of  the  principles  of  solid  geometry.  To 

a  certain  extent  this  nmv  be  removed  bv  a  vvell-arranfjed  svstem  of 
solid  niodels :  thus  the  first  three  ])r()positinii-  of  the  lotli  b<ji)k  of 
Euclid,  "tlie  iiiseriptiun  of  a  regular  tetrahedron  in  a  eube,  of  a 
regular  octahedron  in  the  tetrahedron,  and  of  the  octahedron  in  tlie 
cube,"  may  be  demonstrated  to  the  eye  by  a  dissected  cube,  iilustraiing 
the  natural  cleavage  of  fluor  spar.  Indeed  the  cleavage  of  a  cube  of 
flttor  spar  Is  a  natiual  demonstration  of  the  three  principal  propositions 
of  the  last  book  of  Euclid's  Elements  of  Geometry. 

There  are  many  propositions  of  crystallography  which  require 
some  mechanical  means  beyond  that  of  the  use  of  sni  'a  models  to  make 
them  appeal  to  the  eye  for  clearer  perception.  The  most  perfectly 
symmetrical  solid  forms  of  the  crystallograpiier  belong  to  the  cubical 
or  tessular  system.  Tliere  are  seven  ilifforr  nt  kinds  or  orders  of  fornm 
belonging  to  this  system,  perfectly  symnietricai ;  four  of  which  admit 
of  an  infinite  variety  «)f  species.  These  forms  are  associate*!  in  nature 
as  well  as  in  their  luathematical  relations  to  each  other.  Thev  are 
found  in  crystals  of  the  same  substance,  either  in  their  simple  forms  or 
else  associated  in  combination  with  eadi  other,  in  the  different  fiuces  of 
a  compound  crystal ;  thus  the  cnbe,  the  octahedron,  and  the  rhombic 
dodecahedron,  are  found  as  simple  crystals  of  the  diamond,  or  fiioes 
parallel  to  aU  three  or  two  of  them,  may  be  disooverad  on  a  more 
complex  natural  ciystaL 

The  three  forms  we  have  just  enumerated,  the  cube,  the  regular 
octahedron,  and  the  rhombic  dodecahedron,  may  be  considered  as  the 
jH>rm;\nent  or  limiting  forms  of  tlie  cubical  system  ;  ihvy  admit  of  no 
varieties;  their  angles,  wlietluT  tliose  of  the  inclination,  of  adjacent 
faces,  or  of  tiie  planes  constituting  their  faces,  are  invariable  ;  they  are 


Digitized  by  Google 


18591]  visibie  tme  if  iht  ah$inug  prMem  if  Crpstattoffraphi/.  87 


also  linudiig  fomiB.  Between  the  octahedron  and  the  rhombic  dodec&« 
bedron  we  may  conceive  an  infinite  number  of  varieties  of  the  three- 
(:\ce<\  octahedron,  pas^^iTig  from  the  form  of  the  octahedron  to  f]i;tt  of 
the  rhnmhic  dodecahedron  ;  '^imihirly.  the  oetaliedron  and  tlie  cube  are 
lirnitin*;  lurms  of  an  intiuite  series  (4' twiMit y-four-faced  tra])ezohedr(>us, 
aiid  the  cube  and  rhombic  dodecahediun  id'  a  series  ol  luiu*-laced  cubes. 
The  forty-eight  faced  sculenohedrou  or  the  six-faced  octahedron  is  a 
Ibrm  varying  within  the  limits  of  all  the  othen. 

To  represeot  to  the  the  passage  of  all  the  Tarietiei  of  these 
Ibnat  between  their  revpective  limita  u  the  olijecfc  of  the  mechanical 
eootrivanee  which  is  the  subject  of  this  paper.  A  skeleton  or  armillary 
iphere  is  constructed  of  iron  wire,  so  as  to  mark  out  the  principal 
noes  of  the  sphere  of  projeetlon  of  the  forms  of  the  cubical  system; 
three  cirt^les  are  united  at  riglit  angles  to  eaeli  other,  so  as  to  represent 
eight  equihiteral  spherical  triangles,  eacli  t>f  whose  sides  are  arcs  of 
90**.  The  sii  points  wiiere  the  ares  cross  each  otl»er  are  tlie  }X)Ies  of 
tlie  six  faces  of  the  cube  ;  the  lines  joining  each  pair  of  opposite  \>o]qs 
represent  the  cubical  axes,  each  axis  being  peri)eudicular  to  two  faces 
of  the  cube  which  can  be  inscribed  in  the  sphere.  EaCh  arc  is  now 
biMeted.  These  twelve  points  of  bisection  are  the  poles  of  the  rhombic 
dodecahedron  ;  the  lines  joining  the  opposite  pairs  of  these  poles  are 
the  fhombic  axes,  each  of  these  axes  being  perpendicular  to  two  faces 
of  the  rhombic  dodecahedron  inscribed  in  the  spheres,  or  inscribed  in 
the  cube  inscribed  within  the  sphere.  Let  each  of  the  eight  equilateral 
spherical  triangles  be  divided  into  six  equal  aiid  similar  spherical 
triangles  by  arcs,  joining  the  angle  of  each  triangle  with  the  centre  of 
its  op|>osite  side  ;  the  armillary  portion  of  the  sphere  is  now  coin[)leti  'd. 
The  |ioint  within  each  of  the  eiglit  equilateral  si)h»  rieal  triangles, 
foruiifl  In-  the  intersection  of  the  three  arcs  by  which  it  is  divided,  is  the 
octdhedral  pole.  There  arc  of  course  eight  of  the!»e  ;  tlie  lines  joining 
the  opposite  pairs  of  these  poles  are  the  octahedral  axes,  each  one 
being  perpendieular  to  two  opposite  lihces  of  the  regular  octahedron 
aschbed  in  the  sphere,  or  in  the  cube  inscribed  within  the  sphere.  If 
us  now  join  each  pole  of  the  octahedron  with  the  three  poles  of  the 
octahedron  in  the  three  adjacent  equilateral  spherical  triangles  by 
straight  wires,  and  do  this  symmetri«dly  for  the  eight  poles,  we  shall 
then  have  the  edges  of  the  cube  inscribed  within  onr  armillary  sphere. 
Tlie  (X  taliedrni  nxes  joiinng  the  opposite  solid  angles  of  this  cube  and 
the  rhombic  axes  passing  through  the  centres  of  e<ich  opposite  edge. 

Within  tliis  skeleton  cube  wc  now  inscribe  a  regular  octahedron, 
using  elastic  strings  for  its  edges,  by  uniting  the  point  where  each 
cohical  axis  passes  through  the  fkce  of  the  cube,  with  the  similar 
points  on  the  two  adjacent  feces.  Each  face  of  the  octahedron  is 
therefore  represented  by  an  equilateral  triangle  of  elastic  cord.  We 
now  suppose  each  nde  of  the  eight  equilateral  triangles  to  be  bisected. 
Every  angle  of  the  eight  equilateral  triangles  is  joined  to  tin  bisection 
of  its  opposite  edge,  by  another  series  of  elastic  cords.  We  have  now 
an  octahedron  inscribed,  in  the  cube  inscribetl  within  our  armillary 
sphere.   Every  hce  of  the  octahedron  having  marked  upon  it,  the 


Digitized  by  Google 


Bev,  W,  Mitchell^  on  CrifstaHogra^hy*      p£aKh  18, 


truces  formed  by  an  inuigiiiary  plane  passing-  through  the  zone?!  of  tlie 
sphere  ttiiti  its  centre.  It  will  now  he  ^eeH  that  the  cul  ual  a\*sjoiii 
the  opposite  solid  angles*  of  the  uctaheiiron ;  the  rhouibie  axes^  the 
bliectioDS  of  its  opposite  edccs ;  while  the  octahedral  axes  pass  through 
the  ioteraectioDB  of  the  elastic  cords,  which  joio  each  solid  angle  of  the 
octahedron  with  the  centres  of  the  edges  oppodte  to  it. 

The  points  where  t)ie  elastic  cords  meet,  and  the  octaliedral  axes 
pass  through  the  faces  of  the  octahedron  are  now  ftstened  to  cords, 
The5o  cords  are  made  to  rtm  round  pulleys  and  are  united  toother,  so 
that  by  pulling  them  simultfineously,  the  jinints  nintint]',  every  one  of 
the  three  elastic  cords  which  are  described  on  the  tlie  face  of  the 
inscribed  octahedron  ea!i  be  made  to  travel  unifonnly  and  syniTnetri- 
cally  along  each  of  the  octahedral  axes  irum  the  face  of  the  octahedioii 
to  the  solid  angle  of  the  drcomscribing  cube.  Another  series  of  cords 
are  united  to  each  of  the  four  elastic  cords,  which  meet  at  the  point 
bisecting  each  of  the  edges  of  the  inscribed  octahedron.  These,  by  a 
similar  contrivance,  are  made  to  draw  these  points  along  the  rhombic 
axes.  The  instrument  is  now  completed.  By  simply  pulling  the 
eight  cords  united  together,  which  cnnse  t!ie  elastic  cords  to  ascend  the 
(M'tjihi  (ii  al  axes,  the  inscribed  octahedron  passes  tiirough  every  form  of 
the  iliree  faced  octahedron  till  it  reaches  liie  limiting  form  of  the  rhom- 
bic dodecahedron.  Each  tliree-faced  octahedron  being  inscribed  witiiiii 
the  cube,  inscribed  within  the  sphere. 

Id  a  similar  manner,  by  pulling  the  cords,  running  along  the 
rhombic  axes  in  combination  with  thme  running  along  the  octahedral 
axes,  all  the  other  forms  are  shown  as  passing  within  their  prescribed 
limits.  As  soon  as  the  oords  are  loosened,  the  elastic  bands  immediately 
resume  tlic  form  of  the  inscribed  octahedron.  In  addition  to  these 
forms,  tlie  instniincnt  nlso  can  bo  made  to  demonstrate  the  ]mssage  of 
ail  the  hemiliedral  torms  of  the  cubical  system  with  iiicliMed  faces 
within  their  limits.  In  this  manner  it  was  dtinonst rated  that  this 
instrument  can  make  visible  to  the  eye  all  the  ciiuiige:^  and  varieties  of 
an  interesting  series  of  forma  and  their  mutual  relations,  which  could 
otherwise  on&^be  concdyed  by  a  considerable  power  of  mathematical 
a!)stractioQ.  This  armillafy  sphere,  by  some  other  small  additions,  can 
be  made  use  of  for  tracing  out  some  of  the  most  beautiful  portions  of 
the  zone-theory  of  the  poles  of  crystals. 
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W££KLY  £V£NI2(G  MEETIJNG, 
Friday,  March  25^  1859. 
Sib  IIenbt  Holuuid,  Babt,  M.D.  F.B.S.  in  the  Chair. 

RoBBHT  Apods  Smitr,  Esq*  Fh.D.  F.B.$. 

O/i  the  l^siimaiwn  oj  the  Orycuuc  Matter  of  the  Air, 

ArrER  describing  the  opinions  coiiceniing  oreranic  matter  in  the  nir, 
aud  the  vaiiuua  attempts  made  to  estimate  the  amount,  the  speaker 
dcKribed  a  method  of  obtaining  the  relative  quantity  bv  means  of 
minenil  duundeon,  pennangatiate  of  potaeh  or  aoda.  This  mlnenil 
had  been  proposed  by  Forehammer,  as  a  mode  of  estimating  the 
oigpuic  matter  in  water,  but  it  was  capable  of  estimating  quantities 
much  more  minute.  At  first  the  air  was  passed  through  the  solution  of 
chameleon,  but  this  was  not  fonnd  to  rnnse  complete  action.  Tt  was 
necessary  tliat  the  air  should  remain  for  some  time  in  omitact  with  the 
«>lution  to  be  decomj^sed.  It  was  ilten  ascertained  that  the  relative 
aitiount  of  organic  aud  other  oxidisable  matter  in  air  could  be  found 
by  a  simple  metrical  experiment  in  a  few  minutes. 

The  speaker  then  said : — ^lu  working  out  this  Idea,  it  has  been 
^aad  that  a  vessel  of  the  capacity  of  80  to  100  cubic  inches  ui  the 
motit  convenient.  This  is  eqmd  to  rather  less  than  a  quart  and  a  lialf 
and  rather  more  than  a  litre  and  a  liaif. 

The  solution  of  chameleon  used  must  be  extremely  weak,  so  that 
small  quantities  rnnnot  rer^dilv  be  distinguished  by  ^nslifyht.  ilOO 
,  grains  of  it  are  required  to  decompose  5  grains  of  n  ^tnndanl  solution  of 
oxalic  acid.  The  standard  scjlution  of  oxalic  at  id  is  so  made  that 
1000  grains  neutralize  one  grain  of  carbonate  of  soda.  A  thousand 
giabs  contain  therefine  1  *  184  grains  of  crystallised  oxalic  acid. 

To  prepare  the  solution  a  manganate  was  formed  fay  heating  nitiate  . 
tnd  csrbonate  of  soda  and  manganese,  assisted  by  a  little  chlorate  of 
potash.  There  was  the  most  minute  trace  of  nitrate  remaining  in  the 
Rolution.  Perhaps  chlorate  of  potash  would  have  been  better,  but  I 
had  no  idon  at  the  time  of  the  difficulty  afterwards  fonnd  in  obtainiufy 
the  same  quality.  A  solution  of  this  manganate  was  made  in  pure 
water,  and  carbonic  acid  passed  throucrh  until  a  reddish  purple  shade 
was  obtained.  It  was  then  tested  by  oxalic  acid,  adding  three  or  four 
drops  of  pure  sulphuric  acid.  The  purest  water  obtainable  was  added 
to  dilute  it  to  the  proper  amount.  This  often  lailed ;  and  I  have  some- 
times for  a  whole  week  &iled  to  obtain  tiie  proper  solution.  Although 
\  esU  it  permanganate,  it  is  not  entirely  so ;  it  is  a  mixture  of  man- 
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ganate  and  permanganaUi.  A  perniaiigaiiate  of  tho  strength  described 
has  a  dingy  apjHjaraiice  and  uncertain  colour.  J  tio  ui»t  doubt  tliat  a 
pure  permanganate  of  a  suitable  strength  may  be  obtained  pleasant  lo 
work  with.  There  is  some  difficulty  in  obtaining  pure  water  for  pre- 
paring the  solution.  If  allowed  to  stand  for  some  time  with  a  man- 
ganate  it  becomes  purified. 

The  solution  of  chameleon  is  apt  to  change,  although  slowly,  even 
when  it  is  iHTmctically  sealed  in  a  glass  tube.  The  solution  described 
had  become  nearly  colourless  when  sealed  up  liermetically  for  about 
three  months.  It  is  found  n^adily  to  change  when  it  is  e\poi»ed  to 
air  by  frequent  removal  of  the  stopper  of  the  buttle  containing  it. 
Its  strength  must  be  tested  occasionally  ;  and  if  it  differs  fh)m  the 
standard,  a  calculation  must  be  made  for  its  reduction.  Tlie 
strength  of  the  permanganate  solution  is  extremely  small.  A  few 
grains  of  the  ordinary  solutions  of  manganese  used  will  malce  some 
thousand  grains  of  the  solution  here  employed.  The  reason  of  this 
lies  Iti  the  extremely  small  amonnts  of  organic  matter  found  in  eren 
the  worst  air. 

The  vessel  ust  I  i:^  simply  a  bottle,  with  a  jMirforati  d  stopper, 
through  which  j)ass  two  lubes.  To  one  of  these  a  stopcock  is  attached, 
to  the  other  a  clasp  pr  stopcock.  The  standard  size  propOi>ed  is  1 00 
cubic  iuebes ;  and  to  this  all  the  experiments  have  been  reduced  ;  the 
vessels  actually  used  contain  between  80  and  100  cubic  inches  of  air. 
The  stopcock  is  of  glass,  or  of  hard  caootchonc,  which  is  still  better. 
When  the  bottle  is  to  be  filled  with  the  air  to  be  tested,  the  stopper  is 
removed,  and  the  pipe  of  an  exhausting  pump  is  inserted,  reaching  to 
the  botto!Ti  of  tlie  l>()ttle.  The  pump  is  made  Hke  a  cylindrical  bellows 
of  about  8  inches  long  when  stretched  out,  nnd  about  4  in  diameter, 
and  is  compressible  into  the  thickness  of  about  two  inches.  The  sides 
are  made  of  thin  Mackintosh  cloth.  By  the  use  of  the  pump  the  lur 
of  the  vessel  is  removed,  and  the  external  air  of  course  enters.  A  few 
strokes  of  the  pump  are  sufficient,  t.e.  fnm  6  to  10.  After  ten  strokes 
I  perceiTe  no  change,  and  am  inclined  to  think  that  it  is  an  uanecessaiy 
number.  The  test  liquid  is  poured  into  a  graduated  tube  or  burettei 
containing  somewhat  more  than  will  be  required.  A  portion  is  thtti 
poured  into  the  tube  which  passes  through  the  stopper,  and  the  stop- 
cock is  opened  to  allow  it  to  pass.  Small  quantities  arc  used  ;  when 
it  has  entered  the  bottle,  the  liquid  is  made  to  spread  over  tiie  sides, 
and  time  given  it  to  be  exposed  to  the  action  of  the  air:  it  is  found 
thai  ill  tive  or  six  minutes  a  decided  epoch  is  atuiiiied  from  which  to 
date  the  comparative  action. 

In  order  to  see  the  colour  the  liquid  most  be  allowed  to  trickle 
down  the  sides  of  the  vend,  and  collect  itself  at  one  pomt  of  the  dr- 
cumference  at  either  end  of  the  cylindrical  part  of  the  bottle.  Thia 
part  must  be  raised  up  to  the  level  of  the  eye  so  that  the  longest  axis 
may  be  presented  to  the  sight,  and  thereby  the  deepest  shade  of  colour. 
It  requires  *iome  time  to  accustom  oneself  to  the  sight  of  such  a  small 
amount  <>r  colour  ;  but  Avhen  it  is  once  well  observed,  it  will  be  found  to 
be  a  metiiod  which  will  admit  of  the  greatest  precision.    The  iirst  few 
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drops  which  are  poured  in  will  probabl  j  be  deooloriaed  at  ooee ;  a  few 
drops  more  mast  then  be  added ;  if  they  become  decoloiiaed  a  few  more 
mast  be  used ;  and  so  on  ontil  there  is  a  perceptible  amount  of  colour 
remaining.    When  this  occurs,  the  experiment  is  concluded.  The 

amount  of  the  reagent  used  is  then  read  oti"  from  the  graduated  mea- 
sure. If  the  liquid  be  of  the  proper  strenf^fh,  and  the  bottle  the  re- 
quired size,  the  number  of  grains  irivcs  tlie  comparative  quantity  at 
once.  Sometimes  the  amouut  of  urgauic  matter  is  so  small  that  there  is 
no  appreciable  action,  on  even  the  smallest  amount  of  solution  by  one 
Tessd  of  air.  In  this  case  it  b  necesaary  to  fill  the  bottle  several  times. 
The  mode  of  doing  this  is  apparently  extremely  mde,  bat  the  results 
are  such  as  not  to  demand  a  finer  method  at  preset.  A  finer  method, 
of  coarse  would  need  little  in^nuity  to  contrive.  At  present  I  merely 
remove  the  stopper  and  fill  n^iun  with  air  as  before.  Durinp:  the  period 
of  filling  tlie  vessel  the  surlace  of  the  liquid  is  reduced  to  its  smallest 
anu  uiit,  and  the  change  it  undergoes  is  either  inappreciable,  or  so 
constant  as  not  to  affect  the  results. 

In  analysing  the  air  in  this  manner,  it  is  found  tliat  a  decided  result 
is  attained  In  about  five  minutes.  Sometimes  the  result  is  decided  in 
one:  tliat  is,  there  is  a  termination  to  the  rapid  action.  This 
])ecaliarity  Is  probabljr  to  be  explained  by  tlie  following  experiments. 
If  we  pour  decomposing  matter  on  the  permanganate  solution,  it  is 
rapidly  destroyed.  If  the  matter  l>e  not  in  a  state  of  decomporttion  the 
action  h  mucli  slower. 

These  ditFerent  results  pr«)?ni»:*'  a  taude  of  dividing  the  organic 
matter  of  the  air  into  classes  uccurding  to  its  quality.  These  facts  are 
mentioned  merely  as  germs  of  a  future  inquiry,  in  hirge  towns  where 
coals,  containing  much  sulphur,  are  burnt,  the  sulphurous  acid  takes 
the  oxygen  of  the  chameleon,  and  an  apparently  larce  amount  of 
ofganic  matter  results.  Thk  sulphurous  add  is  of  itself  an  unpurity, 
periiaps  as  huitlul  as  some  kinds  of  organic  matter. 

We  measure  by  this  means  the  amount  of  oxygen  needful  for  the 
oxidisable  matter  of  the  atmn^phere,  and  all  such  matter  is  impurity, 
iu  some  places  entirely  oigaoic,  in  others,  such  as  towns,  mixed  with 
inorganic  gases. 

Some  of  the  principal  results  obtained  by  this  method  were  as 
follows : 

BBLATirS  QIIANTITIE8  OF  OBOANIC  AND  OTHXft  OXIDISABLB  MATIKE 

m  TBM  AIB  OF* 

Manchester  (average  of  131  experiments)  ....  o2  9 
„  All  Ssints,  E.  wind  (37  experiments)  .  •  52*4 
„  „      W.  wind,  le«  smoky  (33  expts.)  .     49*  1 


*  A  few  of  these  results  were  published  in  the  "Athenaeum"  (lurinfr  last 
hUiiimcr.  The  present  numbers  are  stitnewhat  higher,  iH'iug  reUuced,  iur  tixe  sake 
of  nnilbfvuty,  to  cowsspoiid  to  a  ▼«iwl  of  100  eubio  Inebes. 
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Maiichester,AU  Saints,  £.  wind,  above  TO^'  Fahr.(  1 6  expts.)  58*4 

I,             „       helow             (21  experiments)  48 '0 

„        In  a  lioiise  kept  rather  close   60*  7 

In  a  i)igstye  uncovered   109*7 

Thauies  at  City,  no  odour  perceived  after  the  warmest 

weather  of  1858    58  *4 

Thames  at  Lambeth   43 '2 

„       Waterloo  Bridge   43*2 

Loiidon  in  warm  weather  (six  ezpeiimettts)  •    •    •    .  29*2 

„    after  a  thunderstorm  •••«•*••  12*3 

In  the  fields  S.  of  Manchester   13*7 

„       N.  of  lliijliprnte,  wind  from  London      •    •  12*3 

Fields  durinjT  warm  weather  in  N.  Italy   6' 6 

Moist  fieVdt>  near  Milan   18*1 

Open  sea,  calm  (German  Ocean,  60  miles  from  Yarmouth)  3 '  3 

Hospkseof  St  Bernard,  in  afog  .    •    .    •    .    •    .  2*8 

N.  Lapoasinre  •    •    •  aboat  same 

Forest  at  Chamooni    •    •    •    •   2*8 

LakeLueemo  ^.    .  1*4 


The  first  experiments  undertaken  were  in  ^Mnncliester,  and  the 
average  amount  obtained  was  in  the  city  about  o().  gradually  diminish- 
ing in  moving  towards  the  country  until  it  was  lound  in  the  fields  at 
13;  ou  passing  a  sewer  stream  about  a  mile  from  the  outskirts,  the 
amooDt  rose  to  83.  The  atmosphere  on  the  Thames  was  not  measitred 
whilst  at  its  worst,  but  immediately  afterwards ;  when  howeyer  it  had 
ceased  to  affect  the  senses  of  most  perMns  at  least,  the  amoont  wa^  very 
high,  viz.,  58.    I  was  anxious  to  know  how  fiir  the  Thames  affected 
the  atmosphere  of  London,  and  tried  some  experiments :  the  result 
wns  that  the  influence  appeared  to  re;ise  almost  immediately  •  the  fact 
of  a  block  of  houses  standing  in  tlie  way  was  enough  to  prevent  tlie 
influeuce  ;   when  at  the  worst  tliis  may  not  have  been  the  case ;  to 
arrive  at  the  other  side  of  the  block,  the  vapour  would  generally 
require  to  rise  high,  so  tliat  it  would  become  mixed  with  a  great  deal 
of       The  amount  obtained  in  a  few  trials  in  the  streets  of  London 
was  22  to  34 ;  going  on  toHighgate,  the  numbers  saniL  firom  33  to  24 ; 
on  descending  the  north  ride  of  Hlghgate-hill  a  distinct  chanse  was 
perceived,  the  numbers  bein^  18;  the  wind  meantime  was  bmwing 
from  the  city  :  the  few  expenraents  nifide  in  the  fields  in  summer  gave 
10  to  12.     The  numbers  6  to  18  were  obtained  in  Switzerland 
and  Lomhardy.     The  moist  fields  around  Milan  gave  18;  when  the 
water  i>;Lsses  oti"  the  rice  fields,  producing  the  unhealthy  season,  I  do 
not  doubt  that  the  amount  will  be  much  higher.    It  was  not  convenient 
for  me  to  stay,  nor  to  go  ihrther  to  places  distinctly  infected  with  mal-  * 
aria.   I  was  desirous  of  trying  it  in  some  of  the  hovels  of  the  ValloSa 
and  the  Val  d'Aosta,  but  tiie  weather  being  fine^and  the  people  living 
much  out  of  doors,  the  enquiry  was  not  encouraging.   The  few  ex* 
periments  made  did  not  give  very  striking  results,  whereas  the  lower 
parts  of  our  own  towns  gave  results  most  decided :  I  imagine  the  cause 
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of  tins  to  be  that  a  drier  air  does  not  allow  the  ofl^tive  mattor  to  lue 
•o  readily.  This  fact  has  many  ramifications,  but  it  will  explain 
several  difficulties  in  our  sanitary  science.  *  It  is  with  the  assistance  of 
moisture  that  the  organic  inntter  is  conveyed  into  the  air, 

ISfoisture  itself,  as  may  be  supposed,  does  not  produee  any  iictiou 
ou  the  ttsst ;  one  of  the  lowest  numbers  obtaiiied  whs  on  the  German 
Ocean,  about  60  miles  fruiu  land  ;  the  day  wa»  caliii  and  clear.  In 
the  straits  of  Dover,  when  the  wind  was  blowing  briskly  from  tlie 
G^ennan  Sea,  the  amomit  obtained  was  very  high,  but  as  there  was  a 
aliglit  spray  the  experiments  were  disrfigarded.  About  8000  feet  high 
on  the  Alp8»  a  dense  fog  showed  also  one  of  the  smallest  amounts 
obtained  ;  the  ground  was  entirely  bare  rock,  and  could  not  giro  out 
OiTgnnic  matter.    The  amount  was  2*8. 

The  inrtueiice  of  height  was  very  decided.  In  the  higher  grounds 
of  Liancai^lilrt ,  near  Preston,  the  numbers  being  from  2  to  4.  A  wind 
blowing  duwii  from  the  Mer  de  Glace  gave  rather  more  than  at  a 
lower  point,  although  coming  down  the  hiU ;  a  dry  pine  forest  in  the 
neighbouiiioody  although  very  fragrant,  did  not  appear  to  raise  the  num- 
ber.   The  iniludice  of  the  sea  and  of  height  seem  equally  decided. 

A  few  hasty  experiments  made  in  the  hothouses  at  Kew  led  me  to 
believe  that  there  was  less  increase  there  than  might  have  been  ex<* 
pected,  the  amounts  obtained  being  less  than  in  London,  but  more  than 
outside  the  houses,  wiiere  it  was  cooler.  At  the  same  time  weeks 
or  montlis  should  be  giveo,  when  only  hours  were  allowed  for  the 
experiments. 

The  influence  of  heat  appears  to  be  to  increase  the  amount,  when 
there  is  moisture  present. 

The  influence  of  dryness  seems  to  be  towards  diminishing  the 
amount 

Thv  influence  of  great  cold  has  not  been  tried  yet. 

The  influence  of  rain  in  hot  weather,  to  some  extent  of  course  a 
cooling  influence  but  rhif  Hy  a  means  of  washing  tlie  air,  seems  most 
dorirlfHl.  After  a  thunderstorm  and  shower  at  Camdeu-square,  the 
number,  which  was  previously  31,  fell  to  12. 

The  influence  of  our  towns,  especially  our  smoky  townn,  is  most 
decided  also  ;  it  is  easy  to  tell  by  this  test,  when  in  tlie  outskirts  of  a 
town,  whether  the  wind  is  blowing  from  the  town  or  the  country. 

A  distinct  diflerence  was  always  found  between  the  front  and  back 
of  Manchester  houses :  a  similar  diflerence  obtained  when  a  room  had 
been  inhabited  for  some  time,  and  the  diflerence  was  of  course  very 
marked  when  the  smell  of  a  sewer  came  into  the  house.  I  had  a  good 
opportunity  of  nhserviug  this  in  my  laboratory  last  year. 

It  must  hi  K  inend)ered  that  the  numbers  given  fur  some  places 
were  obtaimKl  on  one  day  of  the  year  only,  and  we  must  be  careful  not  to 
draw  too  many  conclusions  ;  we  liave  yet  to  learn  what  kind  of  organic 
matter  is  wholesome  and  what  is  unwholesome.  I  believe  that  this  is 
the  nest  great  point  to  be  attended  to ;  at  present  we  are  only  be- 
coming able  to  ascertain  the  gross  amount.  I  feel  this  caution  to  be 
needfiily  lest  the  numbers  should  be  used  to  prove  too  much. 
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At  an  early  opportnnity  all  the  ezperimeDts  made  will  be  pobluhed ; 

bat  we  may  already  see  the  range  of  the  action  of  this  test  to  be  so 
great  as  to  make  it  promise  to  be  of  some  practical  as  well  as  scientific 
value.  Dr.  Sotithwnod  Smith  li.is  observed  tbnt  tlie  f:i<"ts  on  which 
sanitary  (  (Miiomv  are  built  are  exceedit)j?]v  ditiicult  of  coniuK  hciisioii 
by  a  large  number  of  people,  because  the  cause  of  the  evil  c:tHii(»i  be 
brought  directly  under  the  observation ;  if  however  any  phui  were 
invented  of  showing  that  these  dreaded  emanations  existed  even  when 
the  senses  could  not  perceive  them,  belief  would  be  easily  gained,  and 
the  reauidte  earefolness  would  then  take  place.  If  tlie  method  ez- 
platnea  be  found  to  be  no  more  valuable  than  this,  it  will  at  least  not 
be  reekoned  among  useless  discoveries. 

We  may  hope,  however,  that  it  will  be  found  to  prove  not  only  that 
much  of  tliat  which  we  liave  already  known  is  true,  but  tliat  many 
orher  now  hidden  things  are  true  also  ;  we  may  hrid  that  every  wind 
wiU  have  attached  to  it  its  mark  of  unwholesomeness  with  respect  t^^* 
this  test,  and  that  every  season  also  will  have  its  co-elTicient.  It  may 
also  be  found  that  changes  of  season  or  of  condition  of  the  air  will  be 
ascertained  with  much  more  certainty,  delicacy,  and  rapidity  than  now. 
We  may  even  hope  to  find  some  premonitory  symptoms  of  disease  in 
the  atmosphere  before  it  affects  the  human  l>ody  ;  the  exciting  cause 
itself  existing  long  before  it  has  been  able  to  take  effect,  so  that  useful 
prectiMtions  mnv  be  made  in  time,  arul  an  efficient  defence  prepared. 
At  the  same  time  no  proof  wliatever  has  yet  been  driven  that  a  j)lague 
or  any  infectious  disease  can  be  estimated  by  it,  altiiough  reason  has 
l>een  given  for  such  an  expect.iLiojj,  \\hilst  the  air  over  different  fields 
differs  enough  to  promise  some  knowledge  of  miasm. 

But  what  is  abundantly  established  and  made  clear  to  the  eye  is 
that  the  air  of  our  large  cities  is  suffidenily  impure  to  account  for 
much  of  their  unhealthiness,  and  the  air  of  our  hills  and  seas  and  lakes 
sulBciently  piore  to  account  for  its  salubrity.  It  is  to  be  hoped  that 
greater  consequences  will  follow  in  proper  time;  although  this  itself  was 
needed  to  set  at  refit  <;omc  questions  which  iiave  cooled  the  enthusiasm 
of  many  in  the  cause  of  sanitary  reform. 

[R.  A.  S.] 
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WEEKLY  EVENING  MEETING, 

Friday,  April  1,  1859. 

Sib  Bodbbick  I.  McRcmBON,  D.CL.  F.R.S.  Vioe-Prendent/ 

in  the  Chair. 


NsTO.  Stobt  Maskbltkb,  Ebq.  M.A. 


ToK  horizon  of  man's  view  extends  in  two  directions.    The  one  ii 

turned  towan!'^  the  infinitely  vast,  and  carries  his  eye  into  tbf>  rpfrions 
of  space,  spaniiini::  distances  that  leave  his  worlfl  n  speck  in  (  rt  ation.  The 
other  direction  along  which  he  strains  iii^gaze,  is  iut(j  t!ie  intinitesimal  ; 
and  the*  microcosm  of  the  crystal  is  the  region  it  niust  traveree  helure 
it  can  reach  the  ultimate  units  of  material  consistence,  which  form  the 
oentrei  of  chemical  force.  That  region,  however,  is  to  be  explored  by 
ike  reaeoo  rather  than  by  the  eye,  for  the  minntest  thing  cognuable 
bj  the  microeoope  is  left  fiv  behind  in  the  fint  step  taken  downwards 
into  Ae  crystal  world. 

In  a  cry  stal  there  exist''  a  complete  regularity  of  arrangement  and 
of  the  distribution  of  its  powers  of  resisting,  of  transmitting,  or  of  con- 
%'erting  and  modifving  any  forces  that  may  solicit  it.  Of  this,  to  a 
great  extent,  the  external  syiinnetry  of  its  facettes  is  an  expression. 
But  the  physical  properties  of  tiie  crystal  atlbrd  the  most  perfect 
evidence  of  it. 

The  di&rent  varietieB  of  synunet^,  exhibited  by  outward  crystal* 
line  shape,  are  found  to  indicate,  with  mach  precision,  a  correspondingly 


•  In  till"  notice  a  larger  spno<>  is  given  to  preliminary  and  other  details  tlmn 
eoold  be  d<evot4,'d  to  them  in  au  hour's  discourse.  This  was  felt  to  be  Decessary, 
partly  bewwe  the  speaker  enteied  more  on  these  points  than  he  had  intended  m 

the  scheme  of  his  discourse  ;  and  liaving  done  so  it  is  his  wish  to  pivo  a  clear  state- 
ment of  them  :  partly  too  because  the  sulisequent  views  for  which  he  is  much 
indebted  to  the  convei>atiou4»  aud  private  letters  of  his  fiieud  Professor  Graiiich, 
are  more  iutelligible  to  a  general  audience  by  the  help  of  such  preliminary  expia- 
tions. He  b rru  \'  <  they  may  render  a  1>  :iutitnl  subi -ct — which  must  be  difficult, 
and  cannot  be  popular  in  the  childish  seu^  of  the  word— suificiently  intelligible,  hj 

SiagBX  sbidj,  to  M  iaterartbg  to  peraoos  sadi  as  dieie  «lio  did  Imn  the  hooour 
miag  hb  andienoe  on  the  m  or  AprlL 
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ordered  amngement  in  the  phjfncal  properties  of  the  vaiioiis  crystals 
that  iUaetrate  them.  ^ 

The  definition  of  the  terms  crifstallogra^hic  axeSy  parameters^  it^&oOj  and 
warphetomBal  ween  being  necenary  Ibr  dneidadng  what  was  to  follow,  were 
given.  Thus  cn/slallograpfiic  axes  are  geometrical  directions,  deteiiniiied  by  the 
intersections  of  any  three  planes  of  the  crystal.  They  are  taken  as  axes  oH  co- 
ordinates, and  called  sevezmlly  j-  y  and  z,  and  laeh  are  choien  M  express  in  the  mort 
nmple  ami  smallest  numben  the  relations  of  all  the  planes  of  the  crystal  to  one 
anotlier.  These  rt-lations  are  indicated  by  the  Imw  of  Crtfttalloffmphtj^  viz.,  by 
this,  that  a  plane  parallel  to  any  facette  will  cut  these  axes  at  certain  deiiuite  relative 
diiteiioet,  meamnd  fimn  the  centre  at  which  the  axes  erois,  and  eontroiled  by  the 
principle  to  be  next  enuaciated.  Certain  of  each  planet  can  always  be  foutid  in 
ever}^  crystal  species  for  which  the  ratios  of  these  distances  are  simpler  tlian  tu 
any  othere.  The  distances  for  such  particular  planes  are  called  the  paranuters  of 
iiuA  species,  and  tbeir  Talaes  are  generally  indicated  by  (he  letters  a  b  and  e,  which 
represent  the  distances  measured  severally  along  the  axes  x  y  and  z.  The  ratios 
of  Xh^-'^^  parnmoters  cannot  be  expressed  (except,  of  course,  M-her*^  tijey  are  equal) 
by  any  rational  numbers.  In  this  respect  they  bear  some  analogy  to  the  chemical 
e^valcnts ;  thns  in  topas  the  parameters  are 

•  \b  \  c\t  1  •:  0.5984  :  0.47698  approximitdy* 

Now  fimrf  Huette  en  any  topas  crystal  must  cut  the  axesat  disti^ces,  the  ratios 
nf  which  an  represented  by  Tery  simple  fractions  of  these  numbets,  snch  as 

*  I  4 

Hence  any  Ikcette  represented  by  the  form  (423''  '«rni  be,  parallel  to  a  plane 
\  r  cutting  the  axes  x  y  « in  points  whose  diiitances  along  these  axes 

'   -      are  Ibond  by  the  propordons i  a  along  txis  «:  i  h along  axis  y  : 
\  e  along  toe  axis  z.    Just  as  by  the  law  of  definite  propor- 
tions !T)  cliemistry,  if  the  eqaivaleDt  of  iron  be  taken  as  28*042 
and  ot  oxygen  8. 

We  have  28*042  . . .  iron  4-  8  oxygen,  forming  ooemiide  of  iroo, 
3  X  28.043  • .  •  iron  +3x8  oxygen  fbtnung saother  do. 

4,  2,  3,  arc  the  tHdice$  of  that  facette,  and  by  the  sj  mbol  (423)  is  indicated 
a  group  of  eight  facettes  which  the  law  of  symmetry  of  the  system  requires,  and 
which  inll,  Uierefore,  be  found  on  evcr^  complete  tO|mz  crystal  that  carries  one  oC 
these  facettes  of  that  form.  The  indices  arc  generally  indicated  by  the  letters 
A  *  /,  which,  therefore,  express  rational  numbers,  while  the  parameters  a  b  c 
alw^s  (where  unequal)  express  irrational  nombers. 

tlie  term  maphdogieal  axis  was  defined  as  an  szis  round  which  the  facettes 
arc  gymrnt'tncnlly  arrangcil,  but  which  is  not  ncocsiarily  a  crystaUogmphic  axis 
(e^.,  in  tlie  rhombohedron). 

The  terms  eUutkity,  and  ares  of  ehtstlcitt/,  were  next  expWned— the  fbmer 
term  as  implying  a  power  of  counter-resistance  to  any  force  tending  to  displace 
the  particlfs  of  the  crj'stal  (e.g.f  the  compressing  force  of  n  bU>w,  or  any  vibration, 
such  as  sound,  &c.),  the  axes  of  elasticity  being  those  diiecuons  in  the  crystal 
along  wldch  alone  the  displacement  and  the  counter  resistance  opposed  to  it  hy  the 
crystal,  coincide  and  operate  in  the  same  line.  A  force  acting  in  any  other 
direction  is  met  by  coonter<foroes  distributed  along  the  directions  of  these  axes 
of  elastidtv. 

These  definitions  being  explained,  the  speaker  entered  on  a  short  illnstistioii 

of  the  la^TS  of  crystallognipliic  symmetrj-  in  crystals,  exhibiting,  by  means  of 
diagrams,  their  geuern  1  morphological  relations,  so  far  as  was  necessary  for  the 
subsequent  discusraoo,  and  pointed  out  the  analogy  in  complex  crystal  forms, 
with  the  symmetry  of  certain  floral  types  of  form. 

The  representation  of  the  magnitude  and  directions  of  the  axes  of  elasticity'  in 
each  crystailiue  system  was  shown  to  be  possible  by  means  of  one  of  three  solid 
iiguret». 

These;,  in  the  esse  of  the  octahedral  system-^finam  the  mntnal  conrertibility 
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«f  evoyazb  of  elasticity  ia  it—irere  diowii  to  t>«  rgpWMtntad  by  a  sphere.  No 

Bare  was  said  of  thif;  system. 

nepjnunkUI  and  rbuuibuheilrai  systems  were  morphidogieally  MMciated,  bjr 
tte  &et  of  eich  haviug  one  morphological  axii,  roosd  which  a  peifbet  tyrametry 
MSgoed— though  cr^stallographic  laws  ranged  the  fiicettes  in  multiples  of  4 
round  the  axis  of  the  first,  and  of  3  round  that  of  the  secoii  t.  The  elasticity  in  these 
crytfals  wa»  rvpreseoted  by  a  itphoroid  —prolate  Icallod  negative j,  or  oblate  (calied 
poatiTeX  aceonting  ae  the  elaalidiy  waa  greater  in  an  axial  or  an  equatorial  diroetioa. 

The  prismatic  system  was  lepixseritod,  as  regaided  ita  eiaflticiQ^by  an  aUipoaid^ 
afipare  whose  axt^s  are  all  unequal,  though  rectangular. 

Tiie  oblique  sy«teiiis,  aii»o  appniximately  represiented  by  ellipftoid^,  were 
dimMed  later. 

Thew  preliminaiystatetuents  having  been  gone  through,  the  speaker 
entered  on  the  question  of  the  internal  molecular  arrangement  of  the 
crystal,  and  first  brieHy  reviewed  what  has  beeu  established  regarding 
the  T>hv!«ic:il  relations  (»f  crvstnls. 

He  introvluced  tiie  iiaiiie  of  Professor  drailich,  of  Vieniin.  in  con- 
Tif:<!tion  with  this  subject  as  one  who,  with  liis  pupils,  luul  worlved  over 
iiif  whole  of  this  large  helJ  uj'  researcli,  and  had  both  aJvU  d  much  to  the 
factjs  themselves,  and  contributed  greatly  towards  the  extension  of  the 
dieoretieal  views  thai  must  be  called  in  to  explain  them.  Some  of  the 
morereoeot  of  these  rssults  of  Professor  Grrailich  and  his  eoHinAorolsifry 
Dr.  Viktor  voo  Lang,  formed  the  chief  subject  matter  of  what  followed. 

The  experiments  made  hitherto  to  determine  the  action  of  a  crystal 
upon  difierent  physical  ])ower8,  were  then  reviewed  and  shown  to  lead 
to  the  general  conclusion  that  there  is  a  very  close  relatioti  between  its 
morphological  (and  therefore  geometrical)  symmetry  and  its  physical 
properties. 

The  mechanical  elasticity  })ossesseil  by  the  crystal  in  its  dilTerent 
dirtjctious,  may  be  examined  through  its  cohesion,  as  indicctted  by  its 
cleavage,  its  hardness,  itb  acoustic  properties,  occ. 

The  Cjlbavaob,  where  it  exists  in  a  ciystal,  invariably  occurs  in 
the  direction  of  actiud  or  of  (in  obedience  to  the  gi^t  crystallogmphic 
law),  possible  crystal^planes,  and  is  furthermore  round  to  follow  planes 
represented  by  very  simple  indices.  Besides  this  relation  between  the 
directioD  in  which  the  crystal  splits  and  its  crystallogmphic  form,  there 
is  also  exhibited  a  remarkable  relation  between  the  degrees  of  facility 
ill  which  the  siibsfmice  yields  to  the  cleaving  force  and  the  symmetry 
of  the  crystal,  buch  crystals  as  have  equal  parameters  exhibiting  equal 
fnf  ility  of  cleavage  in  three  directions  ;  such  as  have  two  only  exhibit 
et^ually  easy  cl^vage  in  two  directions. 

Tu£  Hardness  of  a  crystal  also  varies  on  its  difiereut  faccttes,  and 
in  diflerent  directions  on  the  same  facette ;  and  it  would  seem  to  be  a 
general  law  that  the  greatest  hardness  is  exhibited  in  a  direction  and 
on  a  plane  at  right  angles  to  that  of  cleavage,  and  that  the  hardness 
gr>duates  in  its  degree  in  proportion  as  the  plane  experimented  on 
tends  to  coincide  with  that  plane.  [FranLenheim,  Franz,  Graiiich 
sod  Pekarck.] 

Thf  AcoiSTK  charactf  of  a  crystal  are  nf  an  analogous  kind. 
So  far  as  they  have  lieeu  investigated  they  seem  to  loilow  the  law  of  iti 
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syuimetrj'.  Thus  rhombohedral  crystals  ixhibit  a  triple  acoustic  sym- 
metry rouud  the  morphological  axis  ;  and  the  axes  of  acoubtic  elasticity, 
appear  to  eoinddewtth  the  Giystallographic  axes,  i.e.,  with  theinteiseo- 
tunis  of  the  planes  of  the  fundamental  rhombohedron.  In  some  eases  the 
the  acoustic  characters  of  the  crystal  (indicated  by  the  tones  produced, 
as  also  by  the  lines  into  which  finely  sprinkled  particles  arrange  them- 
selves on  a  plate  of  the  substance  when  set  vibrating  by  a  violin  bow), 
seem  to  provide  a  more  subtle  means  of  in%'e«itig;ating 't^  elastic  struc- 
ture than  the  coarser  methods  of  cleavage  and  hardnessJ  [Savart's 
Experiments — this  is  especially  exemplified  in  the  case  of  quartz], 
and  crystal  acoustics  would,  in  this  respect,  seem  to  ofier  a  fertile  held 
for  investigation. 

Ik  thb  Magnetic  xelations  of  the  several  parts  of  a  crystal  madi 
has  been  done  [Faraday,  Flucker,  Tyndall  and  Enoblaacn,  Grailich 
and  Von  Lang].  The  results  of  Profe»ors  Tyndall  and  Knoblauch 
have  been  completely  confirmed  and  extended  by  Grailich  and  Von 

Lan^,  wIhv  liave  added  to  their  results  large  series  of  mague-crv^tal- 
linc  determiuatioiis,  ami  «  xpressed  tliem  by  a  nomenclature  at  ouce 
compreliensive  and  concise.  Tyndall  and  Knoblauch  have  shown  that 
the  ttUett.si(tj  uf  the  dia-magnetic  equatorially  tending),  or  of  tlie 
paramagnetic  (t.e.,  axially  tending)  action,  depends  on  the  density  of 
the  substance  along  particular  directions.  The  Vienna  observers 
prove  that  isomorphous  bodies,  of  similar  (dia*  or  paia-)  magnetic  kinds, 
have  a  shnilar  magnetic  set  ;  and  that  those  of  opposite  kinds  (one  of 
para-  the  other  of  dia-),  magnetic  nature,  comport  themsdves  ill  waya 
precisely  inverse  to  one  another,  and  that  thus  the  magnetic  orien- 
tattnn*  depends  upon  the  ditlerent  relative  densities  of  the  crystal 
along  d  liferent  crystallographic  directions  in  it. 

Inhere  is  evidently  here  a  qualitative  action  (an  axial  or  an  equa- 
torial set)  which  is  to  be  distinguished  from  the  amount  of  energy, 
of  this  setting  or  directive  fi>ree^  in  various  directions  of  the  crystal. 
The  fonner  depends  on  the  chemical  nature  of  the  substances  the 
latter  solely  on  the  crystalline  arrangement. 


*  By  orientation  18  implied  Ae  directions  in  space,  rdatively  to  some  gii 

directions,  uf  any  axes  f  whether  crystallographic.  rnnjnt  tic,  acoustic,  optic,  thermic,  or 
any  other).  Thus  if  a  be  indicate  the  oinder  of  ma|$uiiude  of  the  j^ramcters^of  a  th- 
metrie  crystal,  say  oos  of  amgonite,  and  ibtm  are  fixed  hi  position,  a,  for  instaiioe, 
being  vertical,  b  horizontal,  running  from  right  to  left,  and  c  hori- 
zontal, running  fromfront  to  back,  the  magnetic  oricntiitioa  of  such 
a  crystal  is  found  to  be  such  that  the  line  c  has  the  strongest  teudcucy 
to  stand  eqaatomlly.  Aragonite  is  a  diamagnetic  substance,  ud 
this,  t(i:.rTli,  r  with  its  orientation,  is  designated  by  Professor 
Grailich  by  the  symbol  ^  (c  a  b)  which  serves  to  indicate  that  the 
lines  of  greatest,  mean,  and  least  magnetic  action  are  in  tfie  order 
e  a  the  greatest  cryoiallographic  axis  being  that  of  least  magnetic  action  Csnd 
therefore  in  this  diamagnetic  sulistance  also  that  of  greatest  molecular  density), 
while  the  mean  and  least  crystallographic  axes  are  respectively  the  least  and  the 
mean  of  the  magne-crystalline  axes.  Hie  magnetic  orientation  of  the  mtneml 
staurollte,  wliich  is  a  para-magnetic  substance,  is  e\  j>rcssiMl  by  jt  t'  b  ".  tb  st 
hero  the  same  axis  is  the  direction  at  once  of  the  greatest  crystallographic 
paiameter  and  of  the  greatest  uiaguetic  action,       the  axis  of  greatest  density. 
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The  pataage  vf  Electricity  through  ciystali  has  been  rttidied 
[Wiedemann,  Senarmont,  Knoblauch],  and  given  general  results  indica- 
tive of  aiialo<2^'  with  those  obtained  in  resjyeet  to  tlie  tmnsinission  of 
llji-ht  and  heat  ;  while  the  remarkable  development  by  he;<ting  or 
txH>liiij^  a  crystal,  of  electric  teusioiis  on  j)arts  of  it  moi  pi lo logically 
polar  to  each  other  [analogue  and  autilogue  poles  iu  terniuialiy-polar, 
and  also  ceutral-polar  pyro-electricity — Kiess  and  Kose,  Karsten 
Pttleur,  <&c.3  indicates  that  faere,  as  ia  magnetically  polar  sub> 
stances,  and  as  in  tlie  alterations  in  volome  efibcted  by  change 
of  temperatnre,  the  powers  that,  so  to  say»  reside  in  the  crystal,  and  of 
wiiich  its  crystalline  form  is  the  outwanl  expression,  are  potent  to 
n!f»ilifv  the  character  and  the  amount  of  the  tensions  induced  by  the 
natural  t*»rces,  which  we  call  eUrtrieitv,  magnetism,  and  he;it,  nnd 
that  those  i>oweni  have  thereby  a  direction  or  localisation  imposed  ou 
them  in  accordance  with  the  crystalline  structure. 

lifiiiT,  indeed,  must  be  viewed  iu  more  than  one  modo  opermidu 
Am  radkaU  keai ;  in  the  inflttence  of  the  crystal  upon  its  forward  pro- 
pagation ;  in  its  polarisation,  absorption,  or  traDsniiasion  b^*  (i.e.  the 
diathermanence  of)  the  crystal^  we  have  to  associate  it  intimately 
with  light,  to  view  it  in  short,  as  light  endowed  with  longer  wave 
length. 

As  lieaf  of  temperature  (intensity  of  thermic  ex<'itement)  we  must 
follow  uj)  its  action  on  crystal^^  as  an  agent  causing  im  ren^^e  of  volume, 
and  therewiti)  iiiduciiiji:  a  series  of  concomitant  resuli;.  ul'  the  highest 
interest,  in  litis  respect  it  atibrds  one  of  the  most  iimtructive  means 
«t  our  dispoesl  for  the  examination  of  crystal  structure.  Upon  this 
FirofesBor  Gratlich  and  Dr.  Viktor  Von  Lang  have  brought  mathema- 
tical analysis  to  bear ;  and  by  showing  that  the  increase  of  temperature, 
while  changing  the  relative  values  of  the  parameters  of  a  crystal,  never 
alters  the  irrational  character  of  those  parameters,  have  given  to 
Mitscherlich*s  beauhfnl  ainl  well-known  results  a  new  significance,  as 
Von  Lang  has  also  done  with  IJudberg's  investifj^ation  on  the  change 
iu  the  acti(»n  <if  arauonite  ou  light  induced  by  a  change  of  temperature. 
They  have  shown  tiiuL  all  which  is  symbolised  by  the  indices  (the 
general  symbol  (A  A  I),  in  a  crystal — its  svmmetry,  and  therefore  its 

rem — ^remains  unaltered ;  the  lengths  of  the  parameters  may  vary, 
inclination  of  a  leaning  axis  in  the  oblique  systems,  may  change  by 
change  of  temperature,  but  the-  principle  which  Grailich  establishes 
as  the  '  Law  of  Conservation  of  Zones/*  remains  presiding  over  the 
general  crystal  fonn,  so  that  it  is  impos-^iblc  for  a  crystal,  by  the  mere 
agency  of  a  changing  temperature,  to  drift  from  one  system  into 
another,* 


while  die  mean  and  lestt  panuoeten  sie  the  direediODs  mpeetively  of  As  tssH 
and  mean  msgne-eTystslUne  set. 

♦  Tliennic  axes  are  tho'^f*  fiirections  in  a  crystal  alonp  ^hieh  it  is  altered,  by 
change  of  temperature,  onii/  m  linear  dimengioim  Thty  ure  are  fixed  crystallo- 
gmphie  direotiom.  Everjr  other  erystallographic  line  that  can  be  drawn  througlt 
the  cryital,  ehangei  not  la  leqgth  only,  bat  atoo  in  direotiiom  relatively  to  tbM 
axes. 

U  2 
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But  it  IB  to  Light  that  we  arc  to  look  as  the  most  subtle  instrtin>ent 
for  aiding;  our  reason  in  scrutinizing  the  inner  nature,  or  most  iutirnate 
structure  of  the  molecular  system,  which  we  call  a  crystal.  It  st^ems 
a  true  prerogative  of  light  to  do  this.  The  frequent  transpareiicy, 
aud  tlie  varied  colours  in  differeut  directious  of  so  many  crystals  ;  and 
tiie  cbangw  wUdi  the  light  is  aabjeet  to  within  the  crystal,  its  polariMp 
tioD,  abflorptioD,  fluoictceiioe,  and  the  other  modifications  it  undergoes, 
all  point  to  tlus  most  subtle  agency  as  a  discriminative  power  the  best 
adapted  for  our  purpose. 

In  any  of  the  systems  under  consideration,  the  light,  on  entering  a 
crystal,  is,  except  along  certain  directions,  divided  and  j)ohirised.  '1  he 
two  polarisrd  rays  into  which  it  becomes  thus  divided  pursue  new  and 
different  j  iiths  iu  tlie  crystal,  each  ray  differing  from  the  other  in  the 
velocity  vi  its  propagatioa,  the  crystal  retardino;  the  progress  of  the 
ray  vibiatiug  in  one  plane,  more  than  It  does  the  ray  vibniting  in  a 
plane  polar  to  this*  The  ^ihennds,  or  ellipsoids  of  elasticity  before 
alluded  to  present  admirable  geometrical  expressions  for  the  degree 
and  relative  amonntB  of  the  retardations  efl^ected,  and  for  the  direc- 
lions  of  the  planes  of  vibration  thus  induced  by  the  crystal  on  the 
waves  of  light.  Without  eiiteriTin^  into  an  explanation  of  the  polarisa- 
tion of  light,  or  its  relations  to  the  direciions  of  optical  elasticity 
in  the  crystal,  it  was  deenied  enun^ii  to  remark  that  parallel  to  one 
dii'eciion  the  sections  of  the  spheroid  are  circles,  and  that  the  (locus 
of,  or)  line  formed  by  the  consecutive  centres  of  these  circles  is  the 
morphological  as  well  as  the  optical  axis  of  all  crystals  belonging  to 
those  systems,  whose  elastic!^  can  be  r^reseoted  In  magnttuae  and 
direction  by  a  spheroid  (the  pyramidal — rhombohedral.)  In  the  pris> 
matic,  (and  approximately  in  the  clinohedric  systems,)  whose  elastici^ 
is  represented  bv  Hfi  ellipsoid,  there  are  two  circular  sections  that  may 
be  made  Uikmi^Ii  \  \w  i  tiuiru  oi'  the  elli|isoid  of  elasticity. 

In  either  case  lines  perpendicular  to  these  circles  are  the  '  optic 
aaces"  of  these  systems,  that  is  to  say,  are  directions  along  which  a  ray 
goes  with  only  one  velocity,  and  is,  therefore,  not  broken  up  and 
polariaed ;  as  can  be  demonstrated  by  a  very  simple  geometrical  con- 
stroetion.  The  spheroidally  elastic  systems  have,  thmfore,  one  optic 
axis — one  only  direction  along  which  light  passes  unchanged  (uniaxial 
systems).  The  systems  whose  optical  elasticity  is  represented  by  ellip- 
soids have  two  such  directions  (hiarial  si/.^te//is).  Moreover,  in  the 
latter  tlfe  plaiK^  nf  these  can  be  readily  shown  to  lie  nece'««;TriIy  iu  tlie 
s;u[if  jiliuic  ;l>  contains  the  greatest  and  least  axis  of  the  eiiijpsoid,  i.e. 
the  grealeaL  and  least  axis  of  elasticity. 

The  Jirst  mean  Hm  of  the  optic  axes  in  biaxial  crystals,  is  the  line 
bisecting  the  acute  angle  formed  by  the  optic  axes.  In  prismatic 
eiystals  it  is,  according  as  the  mean  elastic  axis  is  proportionately 
.  small  or  large,  eitiier  the  greatest  axb  of  optical  elasticity  (optically 
negative  crystal),  or  the  least  (an  optically  positive  crysUd).  The 
second  mean  line  is  the  axis  bisecting  the  oilnse  angle,  forTne<l  by  the 
optic  axes.  The  fatr  of  the  prisinatic  system  regarding  tlx  ]  i^itinn  of 
the  optic  axes  for  different  colours,  appears  to  be  that  the  first  mean 
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line  of  the  optic  axes  is  the  same  for  every  colour,  iii  any  given  crystal 
ipedes,  but  that  the  angle  of  the  optic  axes  for  each  colour  may  be 
difl^nt,  Fnrthennore,  in  this  sjitem,  the  axes  of  optical  elasticity, 
and  the  mean  limety  as  well  as  the  planes  containing  the  optic  axes^ 
coincide  in  direction  with  the  morphological  axes. 

A  beam  of  polarized  light  Was  employed  to  throw  on  a  scieen  the 
stauroscoplc  |>henomena  produced  in  sections  of  crystals,  cut  perpen- 
dicularly to  their  optic  axes,  or  to  the  fii^t  mean  lines  of  these;  and, 
by  the  use  of  absorbing  <  oloured  glas,>es.  the  different  optic  axes  were 
shown  to  diverge  more  for  some  colours  tium  for  others  in  the  prismatic 
system. 

Thus  Bochelle  salt  exhibits  the  centres  of  the  rings  or  brushes  as  ht 
more  diyeigent  for  the  red  rays  than  for  blue,  while  in  aragonite  the 
convene  is  the  case,  though  not  in  so  eminent  a  degree.  Mellate  of 
ammonia  (and  Brookite  also)  exhibit  (as  shown  by  Crailich)  the 

wonderful  fact  of  a  divergence  of  the  red  rays  with  the  optic 
^  in  the  phme  x  r.  while  the  optic  axes  for  the  blue  rays  lie  ia 
tiic       R  y      and  those  for  green,  converge  at  the  centre,  into  a 

uuia\ial  system. 

The  more  complicated  phenomena  exhibited  by  sections  of  crystals 
belonging  to  the  dinohedric  (oblique  and  anorthic)  systems  were  next 
made  the  subject  of  illnstratioQ,  partly  by  diagrams  and  in  part  too  by 
experiment.  In  the  roonodinohedric  (the  singly  leaning  pritmatic 
9lfsiem\  there  is  one  plane  of  morphological  symmetry,  and  it  con- 
tains the  two  cr\'stallographic  axes  that  are  inclined  to  each  other;  the 
third  is  called  "  the  axis  of  symmetry,"  and  is  the  only  true  erystal- 
locrraphic  axis  in  this  sys-tern,  that  is  fixH  by  morphological  condi- 
tions. The  laws  of  the  cli8tril)utionQ<i/ir/  nj  the  disper  inn  of  the  optic 
axes  in  this  system,  as  given  by  Angstrom  [Beer's  Ilohere  Optik, 
and  Grailicb's  Translation  of  Frofenor  Miller's  Crystallography], 
are — lst,That  this  morphological  axis  is  also  oneoafts  of  polaritatim*  for 
all  eoloun,  without  dispernon  (t.tf.,  without  any  oivergence  of  the 
directions  of  Tibration  of  the  rays  for  different  colours) ;  but  that 
the  other  two  axes  of  polarisation  are  rectangular  axes,  and  are 
dispersed  for^^  different  colours  differently  in  the  plane  of  symmetry; 
and  2ndly  fATicrstrom],  thfro  mr  three  different  cases  peculiar  to  this 
system  pnv^ilile  :  gypsum  ilhi>t rates  one  of  these,  that  namely,  in  which 
the  morpliological  axis  is  the  second  mean  line,  and  the  axes  of 
the  blue  and  red  rays  stand  to  each  other  in  the  positions  of 
BR  BR. 

Borax  illustrated  another  of  these  cases,  where  the  planes  of  the  optic 
axes  Ibr  the  blue  and  for  the  red  were  so  dispersed  in  the  plane  of 

syuiuielry  as  to  be  crossed  thus:   ^         tiie  murpliulogxcal  axis  being 

the  ^rxf.  mean  line. 

irinally,  Adularia  illustrates  the  position  of  the  optic  axes,  in  which 


*  TTie  use  of  the  wo:-d  axU  of  poiariantiM  instead  of  axis  of  eiatticity>  in  this 

cobti  is  al\t;rward»  cx^ilained. 
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the  planes  containing  them,  for  each  colour,  croas  the  plane  of  sym- 

metry,  and  t!ie  morphological  axis  is  the  second  mean  line,  the  first 
mean  line»  being  divpersed  for  each  colour  along  the  plane  of  ^oiinetry. 

This  position  is  that  of  ^  ^* 

Thus  iar  the  oonformity  between  crystalline  symmetry  and  the 

distribution  of  optical  elasticity,  would  seem  Buflicieiitly  near  to  bring 
the  latter  into  the  same  category  with  the  elasticity  exhibited  by  the 
crystals  under  the  solicitation  of  k>s.s  subtle  forces.  But  a  nearer  view 
of  tiie  phenomena  goes  far  to  dispel  this  expectation. 

For  all  the  results  that  had  been  previously  reviewed,  an  exi)la Tui- 
tion more  or  less  complete  may  be  found  in  a  simple  hypothetJis  ;  nanitly 
this,  that  the  centres  of  gravity  of  the  crystal -uiolecules  are  alwayt» 
arranged  in  planes  which  represent  either  actual  or  possible  facettee : 
while  the  ruative  distances  of  molecule  from  molecule  are  the  same 
in  the  same  duectioD,  but  difoent  for  different  directions.  To  disturb  a 
molecule  so  as  to  move  it  out  of  its  plane,  would  be  to  destroy  the 
integrity  of  the  molecular  system.  Magnetic  orientation  would  only  indi- 
cate tlie  lines  of  greater  or  It^  distance  between  the  niolecuU?s  ;  increase 
of  thermic  intensity  (tem])erature),  too,  only  causes  a  greater  inter\  m1 
between  the  mohcuU  s  without  altering  the  crj'stnllographic  rclaiiuus 
of  the  planes  they  lie  in — albeit  that  this  increase  of  interval  is 
different  in  different  directions.  These,  and,  in  all  probability  also, 
the  other  as  yet  less  elaborated  results  of  physical  experiment,  are 
thus  explicable  as  dependent  on  the  disposition  of  the  mass  centres  of 
the  molecules,  and  are  so  capable  of  being  rendered  subordinate  to 
the  fundamental  law  of  crystallography. 

But  the  hypotiicsis  abo\c  sketched  in  outline  fails  to  explain  a 
seri'  S  of  facts  which  Light  reveals  to  ns.  and  which  show  that  the 
t)})tieal  properties  of  a  crystal  Ciiuiiot  be  directly  dependent  on  the 
arrangement  uf  the  molecules.    Among  these  are  the  following: — 

Firstly.  The  action  of  increased  temperature  on  a  crystal,  while  it 
alters  the  volume  of  the  crystal,  does  so  by  changing  the  values  of  the 
parameters,  changing  thereby  too  the  refractive  powers  of  the  subatance. 
As  such  refractive  powers  vary  g  iicrally  inversely  as  the  amount  of 
elastieity  and  directly  as  the  density  of  the  light-transmitting  medium 
varies,  we  might  expect  the  variations  in  the  parameters  and 
refractive  iiulicijs  and  also  in  tin*  axes  of  elasticity  to  foWovf  pari  passu 
with  th<'  changes  in  the  molecular  density  iii  ditibrent  directions  as  the 
crystal  becomes  expanded  :  nothing  of  the  kind  occurs.  The  axes 
oi  optical  elasticity  var}'  indeed  (in  aragonite  for  instance),  but  their 
orientation  is  quite  dissimilar  from  tliat  of  the  altmd  erystailographic 
axes ;  t.  e.,  the  directions  of  the  greatest  mean  and  least  pararaeten 
of  the  heated  crystal,  which  measure  its  physical  density,  entirelv  dii^r 
from  the  corresponding  directions  of  the  greatest  mean  and  least  of 
the  new  axes  of  optical  elasticity. 

2ndly-  The  sjH*nkcr  had  already  alluded  to  the  remarkalde  fact  of  the 
cru8«iug  of  the  plaues  of  the  optic  axes  for  ditierent  colours  in  uiellate 
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of  tmnioiila^  biookite  [Gndlkh],  and  other  ctyskalsy  radft  as  at  a 
high  tflmperatofe,  glaaberite  [Brewster,  Desdoiieanx],  and  gypeam 

£Mitad>erlich].  It  is  strange  to  think  that  thus  in  one  and  the  same 
substance  there  should  ooneiist  a  principal  direction  of  vibration  of  a 
diffVreiit  order  {e.ff.  the  a  axis  for  the  red,  witli  tlie  b  axis  for  the 
violet),  for  different  colours  in  one  and  the  same  direction. 

iJrdly.  Again,  the  prolific  labours  of  ( ^ rnilich,  and  his  pupils,  have 
establii»hed  a  most  interesting  and  important  law  regarding  isomorphous 
substances,  viz.  this :  that  the  optical  similarity  between  any  series  of 
iaomoiplioiie  bodies  iiequeBtly  diminishes  in  proportion  as  the  isomor* 

phons  chemical  snhstaaces,  not  commcn  to  the 
diflhfent  bodies,  preponderate  over  those  whieh  aie 
common  to  them. 
Y        The  rrjfstallographic  orientation  of  the  form  com- 
^  raon  to  the  ifiO!!»orphous  group  of  the  following  sub- 

~  stances,  is  e\])res8ed  by  the  parametera  iu  the  order 

of  their  magnitude,  a  h  e. 
In  sulphate  of  potaeh  tlie  opiical  elasticity  is  expressed  by  the 
eymb^  a  e  b ;  In  sulphate  of  ammonia  by  b  a  c ;  in  chromate  of  potash, 

by  a  c  b ;  the  ofder  of  the  letters  Indicating  In  each  case  the  orientatioB 

of  the  diflerent  magnitudes,  as  expressed  by  the  letter  (a  being  greater 
timn  h  nrirl  b  than  c),  and  as  compared  with  the  directions  in  space  of 
the  original  crystallographic  parameters  a  b  c. 

Thus  the  chenucal  substance  entirely  overrules  the  crystalline 
arrangemeut  iu  impressing  on  the  crystallized  body  an  optical  elasticity  ; 
so  that  we  are  driven  to  seek  the  fundamenicU  cause  of  optical  cha- 
roeUty  not  in  ike  arrangemmt  of  moUeuUt,  but  in  the  inner  fuUwre, 
constitntion,  ttnictnre  of  these* 

How,  then,  are  these  results,  discordant  as  they  are  with  crys* 
tallographic  tv^t^  to  be  reconciled  wirli  that  general  harmony  between 
morpho1o<Tien1  symmetry  and  crystallo-optical  phenomena,  which  we 
have  already  in  part  acce])ted  ? 

To  this  question,  the  answer  is  not  rea<lily  found.  It  is,  however, 
tiie  more  probable  view,  that  the  chemical  units  of  matter  (of  the  nature 
of  which  we  are  profoundly  ignorant,  and  are  without  even  analogies 
to  guide  ns ;  bnt  which  the  atomic  tiieorists,  assume  to  be  compounded 
of  atoms  in  some  Ibrm  of  geometrical  anangement,  and'  clustered  to« 
gather  In  chemical  groups),  form  the  basis  of  the  crystalline  i^t^  :  that 
tiuve  are  ordinated  (with  the  ether  of  the  mathematical  theory)  in  higher 
groups  which  form  the  ultimate  crystal-units-of-mnss,  or  crystal  mole* 
rules — but  that  the  form  and  internnl  arrangement  of  tlie  moleeule 
bears  a  close  analogy,  and  a  general  identity  of  symmetry,  with  the 
£>rm  of  the  crystal  of  which  it  is  the  constltuf nt  mass-unit. 

The  chemical  units  of  mass  we  can  at  any  rate  treat  as  distinct 
mechanical  nnita  with  centres  of  gimvity,  and  centres  of  volume 
(probably  distinct),  and  endowed  with  powers  that  cannot  be  the  same 
la  different  directions.    These  then  would  thus  upbuild  the  molecular 
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units  of  masB  of  the  crystal,  and  wonld  be  turanged  in  the  interior  of 
those  molecules  in  a  tnanuer  closely  a.uUoffoui  to  the  arinngeiiieiit  of 
the  molecules  in  the  crystal  itdelf ;  which,  as  was  before  stated,  nmy  be 
l<K)ked  on  (at  any  rate  as  an  illustration  to  the  mind  of  crystallo- 

})hysltuil  facts)  as  m  co-ordinated  in  direct ioii  tliat  every  plane  in 
whioli  a  series  ut"  tlie  centres  of  gravity  of  the  molecules  lies,  must  l>e 
(an  actual  or  a  possible)  crystal  plane.  The  mysterioui*  ether  assiniied 
ttiid  adopLeJ  by  the  undulatory  tlieory  plays  its  part  within  the  mole- 
cules and  enshi*ouds  its  constituent  chemical  units  of  muss. 

Ou  the  one  hand,  then,  axee,  such  as  those  of  aeottstie  elasU^utyy 
of  magnetic  induction,  or  thermic  axesy  belong  to  the  crgttal  as  a 
whole  f  depending  for  their  magnitude  and  direction  on  the  suttical  con- 
dition and  the  relative  arrangement  of  tlie  molecules  tn^^r  sf.  The 
axes  of  optical  elasticity  on  the  other  hand  will  be  the  axes  of  elaaticity 
of  Uie  molerule  itself,  that  h,  of  the  ether  witliin  it.    But  the  elasticity 
*»f  the  ether,  as  exhibited  by  the  velocity  with  whicli  a  ray  is  propa- 
gated in  it  along  its  diticicnt  directloDS  is  coitt^'  lied  by  tlie  actiu:j  of 
the  reposing  ponderable  uniis  (  r  noins  at  restj  ou  the  ether  particles 
ill  motion.    As  long  as  the  din  e  :  ion.s  in  which  the  ether  is  constrained 
to  vibrate,  by  reason  of  this  perturbing  action  -  itj*  axes  of  elasticity- 
are  continuous  throughout  the  crystal  (as  will  be  the  case  If  the 
neighbouring  molecules  are  arranged  hUer  ne  tu  the  same  symmetry  as 
the  ether  particles  in  any  one  of  tibe  molecules,  so  that  the  neighbour- 
ing molecules  do  not  distract  those  directions  by  a  perturbing  action 
oblique  to  theiray)so  long  will  the  influence  of  the  material  particles  be 
confined  to  the  exercise  of  a  constniint  on  the  velocity  of  each  wave, 
whatever  its  length,  i.e.,  colour;  but  it  will  ii(»t  cuise  any  dispersion 
of  these.    This  coiuiiiion  of  coincidence  '\m  direction  of  the  crystal- 
line and  inole(-nlar  axes  occurs  only  iu  the  rectangular  systems ; 
and  in  the  biaxial   ones,  therefore,  only  iu  the  Prismatic  .system. 
But  the  coincidence  is  confined  to  directicmy  neither  the  magnitude  of 
the  axes,  nor  their  orientation  (as  had  been  shown)  presenting  any 
identity. 

In  the  oblique  systems  there  is  no  reason  to  assume  the  obliquity  in 
the  molecule  as  of  the  same  inclination  as  that  of  the  inclined  a  \cs  of 
the  crystal.  Thus  these  two  sets  of  oblique  axes  cannot  coincide  in 
direction.  Hence  the  ]>erturbing  influence  of  the  ponderable  matter 
o|>erates,  by  reasaii  of  this  want  of  coiticidence,  in  directions  other  than 
those  of  the  axes  of  the  individual  inolecuh',  and  extends  its  results  tu 
the  (iireciiofis  of  vi/tration,  that  is  to  say,  elfects  the  disp(*rsion  of  these 
directions  for  diffitrent  colours.  In  tact,  for  any  light-wave  now  to 
traverse  the  crystal  without  being  broken  up,  it  must  take  directions 
neither  coincident  with  the  axes  of  elasticity  of  the  molecule,  nor  with 
the  crystalline  axes.  Those  directions  will  have  di£ferent  orientation 
for  different  colours),  and,  not  being  coincident  with  the  tliermic 
axes,  will  vary  with  tlie  temperature.  They  will  be  rectangular  axes 
— axes  of  a  polarisiition-elllpsoid,  different  for  each  colour — ^and  will 
indicate  the  directions  of  the  principal  ]}lanes  of  [>olaris<ition,  which 
um»t  be  normal  iu  each  other,  and  will  aLo  prescribe  the  liiuits  of  the 
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wave  snrfiuse.    They  are  the  resultant  axes  of  potarisatitm  before 

alloded  to ;  they  have  no  statical  signiHcance  in  the  crystal. 

But  this  subject  PTiters  here  into  tlie  domain  of  mathematical  analysis. 
Indeed,  thou prh  experiment  has  effected  mucli,  and  mathematical  inter- 
pretation nii>n\  tor  the  establishment  of  the  laws  that  control  the 
difticult  j)henoniena  exhibited  by  oblique  crystals,  tlie  subject  is  still 
oue  iu  which  much  has  to  be  done,  especially  in  determiiilug  the 
true  ezet  of  elastidty  in  these  crystals^ 

The  last  subject  touched  on,  and  that  briefly,  was  the  tmpoMibility 
of  explaiuiug  the  growth  of  a  crystal  by  any  architectural  view,  like 
that  of  Hauy,  ie.  by  any  view  that  supposes  the  crystal  developed  by 
the  addition,  one  by  one,  as  it  were,  of  molecules,  endowed  only  with 
f*>rces  acting-  at  minute  distances  and  dej)ositing  themselves  by  virtue 
of  ihese  aloiu-  in  tlu  ir  j)o>ition.  I'he  facts  conuicted  with  the  growth 
of  a  crystal  m  its.  JuoLher-Hquor  point  to  (^uite  a  differenL  conclu8ion. 

The  simultaneous  production  of  the  corresponding  facettes, 
however  mioote  they  may  be,  and  however  complicated  the  ciystal  form, 
upon  the  opposite  endr  or  parts  of  it,  and  in  the  precise  positions 
where  symmetry  requires  them,  needs  for  its  explanation  something  akin 
to  an  instinct  in  the  molecules,  if  wc  are  to  suf  tpose  them  so  to  deposit 
.themselves,  as  tliat  their  deposition  is  independent  of  influences  extend- 
ing at  once  over  tiie  whole  crystal,  and  to  the  mother  liquid  investing  it* 

Hemilii  drism  points  to  the  same  result.* 

l5o  Un>  liow  are  the  infinite  numbers  of  tesselated  crystalline  frag- 
roenis  that  interpenetrate  without  any  syrometrical  orientation  so  many 
crystals  [Leydolt's  Etching  Experiments  on  Quartz,  Ai>ophyllite,&cJ 
without  Interfering  with  their  general  form,  to  be  explained  ? 

Finally,  the  fonns  of  crystals,  pay  of  flucr  spar,  or  of  cale  spar, 
from  the  same  mine,  are  similar,  wjiile  those  met  with  in  a  neiglibour- 
ing  locality,  where  the  conditions  of  deposit  were  different,  are  different 
from  these.  The  typical  forms  of  barvtes  as  found  in  Cinn)>f'rland, 
or  in  Auvergne,  ^^chemnitz,  &c.  are  ilitlcrent  for  each  locality,  and 
so  are  often  the  hornhlendes  that  occur  in  different  rocics.  Over  large 
extents  of  country  a  niineral  {e.g.  tlie  augite  of  Southern  Tyrol)  will 
)>resent  constantly  the  same  combinations  of  crystalline  form.  Salt  is 
deposited  in  cubes  from  its  simple  aqueous  solution, — in  octahedra 
when  that  solution  contains  uric  acid  $  and  alum  presents  the  form  of 
the  <  ulie  when  alumina  is  present  in  excess. 

In  all  these  cases,  therefore, — indeed,  in  every  case — ^the  growth  of 
a  crystiil  is  an  inexplicable  tlnng,  so  lon;x  ns  we  ende<ivour  to  trace  its 
cause  to  powers  residing  in  and  contined  to  ihe  nn  leeules.  A  crystal, 
like  a  plant,  is  developed  in  a  medium,  and  as  tin*  |  l  int  owes  the 
special  j)eculiarities  of  its  individual  form,  notwithstanduig  the  seem- 
ingly perfect  freedom  of  its  growth,  to  special  circumstances  iu  the 


♦  Cirailich  connects  heinihedri^m  (i,e  the  development  of  only  the  aliemato 
planes  required  by  the  symmetry  of  Ihe  system  of  a  crjstal)  with  a  difference  in 
prr<itioa  of  tlie  ceativs  of  gmvity  anil  centres  of  Tolttme  iu  the  raoleeoles. — {PrwaU 
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•oal,  the  air,  the  weather  during  tliat  growth ;  and  its  genend  similarity 
to  other  plants  of  its  liindy  to  &  organic  laws  that  controul  the  oon<- 
ditions  of  its  species  ;  so  must  the  crystal  be  oonsidered  as  the  molt 

of  many  co-operating  influences,  including  those  of  tlie  foreisrn  consti- 
tuents of  the  mother  liquid,  those  of  temperature  and  other  physical 
conditions,  and  involving  the  principle  that  tiif  inoli  cuks,  wheiiier 
those  de])()8ited,  or  those  al)out  to  become  so.  aflect  and  are  affected  by 
~and  tluit  tu  considerable  distances — the  whole  of  the  formed  and 
fonning  crystsl  matter. 

It  would  be  as  useless  to  expect  to  expUun  the  growth  of  a  crystal 
without  some  such  view  as  this,  as  to  endeavour  to  account  for  the 
growth  or  outward  form  of  a  particular  plant  liy  the  development  of 
a  single  leaf. 

In  closing  the  remarks  made  in  this  di8C0ur*?e  upon  the  th^jretiwil 
bearings  of  crystallo^physical  and  esj>ecially  optic^ii  investigation,  on 
our  views  of  the  ftnicture  and  cunstitutiou  of  crystals,  the  sjieaker 
could  only  allude  to  the  important  //rac/tra/ services  tliey  have  alrcadj 
rendered  to  mineralogy,  especially  in  the  able  hands  of  M.  Descloi* 
seauz  in  Paris,  who  has  been  enabled  to  determine  several  mtneralogical 
species  by  their  means. 

[N.  S--M.] 


6£N£RAL  MONTHLY  MEETING, 

Mouday,  April  4,  1859. 

William  Tole,  Esi^.,  M.A.  F.R.S.  Treasurer  and  Vicc-i'rt^ident, 

in  the  Chair. 

Sir  Thomas  Fowell  Buxton,  liarU 
John  Stuart  Glennie,  Esq. 
Herbert  William  Hart,  Esq. 
James  Hopgood,  Esq. 
John  Henry  Le  Marcbanf,  Em. 
Arthur  Giles  Puller,  Em]. 
Charles  Ratcliffe,  Esq.  F.S.A.  F.L.a 
William  Salmon,  £eq« 

were  duly  ^eeied  Members  of  the  Koyal  Institution. 

Thomas  B.  Baskett,  Esq.  and 
Hall  Bokeby  Price,  Esq. 

were  udnuUed  Members  of  the  Eoyal  Instituliou. 
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The  following  Letter  from  Su  Rma  Holland,  Bart.  Y  .P.BJ. 
to  the  Secretary  was  read 

"  Brook  Street,  April  4thy  1 859. 

*•  My  dear  Sir. — ^As  T  mar  be  unable  to  attend  the  Board  of 
Manatjers  to-day,  will  you  let  me  ask  you  to  be  the  medium  <jf  a  ]irn- 
possil,  whieh  1  trust  will  be  accepted,  a«  an  expression  of  luy  earufcst 
desire  to  contribute,  in  some  degree,  to  maiulaiu  the  Royal  Institution 
in  the  iiigh  position  it  holds  among  the  scientific  institutions  in 
England? 

"  Two  or  three  yean  ago  notice  was  fallen  of  the  expediency  of 
adding  to  and  replaciDg  in  parts  the  apparatus  belonging  to  the 
Institution.    In  reference  to  this  important  object,  I  now  propose  to 

pay  over  to  the  Treasurer  for  tlie  present  year  £40,  ntid  to  continue 
the  same  every  succeeding  year  of  my  life;  this  sum  being  a})]irnpriated 
to  the  purchase  or  renewal  of  apparatus,  under  such  arrangeujent  as  it 
may  seem  good  to  the  present  Uoard  ot  Managers  to  direct.  The  only 
»ug^e»iioiis  I  venture  to  otfer  are,  that  the  Professors  of  the  lioyul 
Institution  ^oiild  have  an  cffieial  part  in  the  appropriation,  and  that 
the  term  of  apparahu  shonla  be  taken  in  its  largest  sense :  as  including 
whatever  relates  to  the  uses  of  the  Laboratory  and  to  the  requirements 
of  the  Lectures,  which  have  so  greatly  tended  to  sustain  the  character  of 
the  Boyal  Institution* 

Believe  me,  dear  Sir, 

Yours  very  faithfully, 

H.  Holland. 

•  r.S, — Let  me  add  a  line  further  to  say,  that  if  there  were  found  to 
bf  airy  practical  convenience  in  the  immediate  application  of  a  larger 
sum  to  tiie  purposes  in  question,  I  shall  gladly  bring  into  the  present 
year  the  ])Hyn»ent  of  the  next  also.** 

The         JoHK  Barlow,  M.A» 
SeareUtrjf  R.L  8fc» 

Whereupon,  it  was  Rebolvbo— 
That  the  special  thanks  of  the  Members  of  the  Royal  Instttution  be 
offered  to  Sir  Hbrbt  Holland  for  a  gift  so  valuable  in  itself,  and  so 
cslculated  to  advance  both  the  scientific  character  and  the  popular 
usefulness  of  the  Institution. 

The  Special  Thanks  of  the  Members  were  returned  to  The  Dukb 
OP  NoBTHDMBERLAND,  for  his  present  of  Mr.  McLauchlan's  Works  on 
"  Ronnan  Remains  in  the  North  of  England  to  M.  H.  Saimis- 
Clmuf-  Dkville,  Hon.  M.R.I,  for  his  present  of  his  Mork  "  De 
rAluminium  and  to  Miss  Elizabeth  Twining,  for  her  j) resents  of 
her  niaguiticent  works,  "  Illustrations  of  the  Natural  Order  of  Plants," 
(IGO  coloured  plates,  with  letter-press  descriptions;  handsomely  bound 
in  two  Tolnmes  fblio) ;  and  her   Lectures  on  Plants." 

The  Secrt^tai  v  aniiouncerl  that  the  foiiowiug  arrangements  had 
been  made  for  the  Lectures  after  liaster:— 

Seven  Lectures  on  the  General  Facts  and  Leading  Phinci- 
FLBS  or  Gbolooical  Sciercb,  by  Profrssor  Jobm  Morris. 
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Seven  Lectures  on  the  Seven  Pcaiods  of  Art,  by  Ausrm 
Henry  Latard,  Esq 

Seven  Lectures  (//<  continuation)  oa  Modebii  Italj.aa  Liteha- 
TUUEy  by  J.  P.  Lalaita,  Esq. 

The  following  Presbntb  were  aanounoed,  and  the  thaiilu  of  the 
Hetnben  returned  for  the  oame : — 

From 

ArUi,  Sncif  tij  o/"— Journal  for  March  1859.  8vo. 
Asiatic  Societn     JJenaal — Journal,  Nu.  259.    8vo.  1858, 
AatfOHomieal  Society,  /?o^/— Monthly  Notices,  March  1859.  8vo. 
Baseriache  AkadmiM  dsr  ^teMeAi|^~AbhMidlimgeo.   Band  VIII.   Abth.  S. 
4to.  1858. 

Annalen  dcr  KouiglichenSlmwRttebei  MfinehM.  Band  X.  8to.  1859* 

Meteoiologi.M  he  Ik'obachtnngen,  MUnchen,  1825-37.    8vo.  1857. 
li'il,  Jac<^,  J-^s(].  .U./*./.— Pharmaccntical  Jounjal  for  March  1859,  8vo. 
Jiootet/,  Messrs.  i^the  t^ublishers) — The  Musical  World  for  March  1859.  4to. 
BriUtk  Arehii«et»\  fnttUute  of>-PhNseedhigs  Ibr  Hatch  1 859,  4to. 
Chambers,  Geo.  F.  Esq.  M.Ji.  I  —M'licheU  s  Newspaper  Press IKf^ectoiy.  8vo.  1859. 
Chemical  *v^  ui'f/— Quarterly  Journal,  No.  44.    8vo.  1859. 

JJtfUle,  li.  ^aiufe-Cluire,  Hon.  M  R.I.  {the  Author)  — De  TAlumiuiuw  :  ses  Pro- 

priitcs,  sa  Fabrication  et  scs  Applications.    8vo.    Paria,  1859. 
Edit  rs-  Tho  Medical  Circular  for  March  1859.  8vo, 
The  Practical  Mechanic's  Journal  for  March  1859.  4to. 
The  Jmiroal  of  Gas^Li^hting  for  March  1859.  4to. 
The  Mechanics'  Magazine  for  March  1 859.  8to. 
The  .\thc-nipnm  for  March  1859.  4to. 
The  Eiigiueer  tor  March  1859.  fol> 
Hie  Artisan  for  March  1859.  4to. 
Faraday,  Professor,  D.C.L.  F./?.5.— Kt^portoiie  de  Chuiiie,par  C.  Barrcswil  Olid 
A.  Wurta.    No.  6.    8vo.    Paris  18ri9. 
Akadcmie  der  Wi8senschaften,Wieu — Mathematisch'Natarwissen.  Claase :  Denk- 
schiiften.  Band  XIV.  4to.  1858.  Silaiing»>Berieh(a.  Mai  1857  sb  Jeoi 

1858.  8vo. 
Aixuauach,  1858.  12mo. 

Fw'streden  bei  der  feiertiehen  Uebemahme  dea  UnhreffritltigdMmdea  dnreh  dto 

Akaderaie,  Oct.  29,  1857.    4t«.  1857. 
Jiihrlxu  h  kr  K.  K.  Ccntral-^iostalt  fttr  Meteorologie  and  Brdoiagnetesnas. 

Baud  V  .    1853.    4 to.  1858. 
Pbjaikalske  Meddelelser  ved  Adam  Amdtsei,  &c.   4to.   Chfwtiama,  1858. 

Memorie  Jella  IJealc  Accaderaia  delle Scieii/e  di  Toriuo.  Tomo  XVII.  4to.  1858 
Keport  ou  the  Teneriffe  Astronomical  Experiment  of  1806,  by  ProftMor  C. 
Piazzi  Smyth.    4to.  18.'>8. 
Franklin  I ntditute  of  Pennsylvania — Journal,  Vol.  XXXVII.  No.  2.  8vo.  1859, 
Gem  vf.  Society  de  Phtfxiqne — Me'moi  res,  Tome  X  H'.    Partie  3.   4ta»  1858. 
G'eoloyical  HociH^ — ProceediiiflB  lor  March  1859.  8vo. 
Geographical  SoeUtjf,  J^oyaZ—PMoeedings,  Vol.  III.  Noi.  1, 2.  8to.  1869. 
Haiswell,  Edmundy  jp*?.-  I^eports  of  tbe  Visitors  of  the  Hanwell  and  Gobicy 

Lunatic  Asylums,  for  ls\''(.  «\o. 
Newton,  iVft^rs.— Loud<Mi  Journul  (^.Vew  Series),  for  March  1859.  8vo. 
ywello,  Mr.  {the  Publisher )— The  Musical  Times,  for  March  1859.  4to. 
A'ortf  'mhrrland,  Tile  Dukr    r.  K.G.  F./!.S.  President  Jl.  I.— Uemy  Mac  Laach- 
lan,  Esi).  Memoir  written  during  a  Survey  of  the  Roman  Wall  through 
Northumberland  and  Cumbet  land,  1852-54.  With  Charts.  Svo.and  fbl.  185S. 
Momoir  written  during  a  Survey  of  the  Watling  Street  from  the  Teea  to tlie 
Scotch  Border,  in  1H50-1.    With  Charts.    8vo.  and  fol.  1852. 
J  rhriHanit,  A.  Esq.  [the  ivdUorj— Mittbeilungcn  auf  dcm  Gcsummtgcbiete  d«r 
Geographie.   1859*  Heft  2.   4tu^  Gotha,  1859. 
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P/iitixfraphic  Society — Journal,  No,  81 .    8vo.  1859. 

Jiuchmamnow^  M.  {the  Aulhor) — Note  6ur  La  Thtrorie  dd  la  Boue  tfydrauUqae  an 

deaaoas  i  Aubes  Planes.   4lo.  1658. 
Sckarf,  Gtorge,  F^j.  (<A«  ^tmliinp)— Cfttalogoe  of  the  Nationat 

Jan.  1,  1859.  Syo. 

Ikfimag^  Min  Elizabeth  (the  AiuJior)~-lllusXi9i^om  of  the  Natuial  Ordcrft  cf 
Plants,  arranged  in  Qroape;  160  OoitNired  Platta,  with  DeseriptioiM.  8  voi«. 

fol.  1849-55. 
Short  Lectures  on  Plants.    I2mo.  1858. 
1^  Jttwm^  Eaq,  F.R,S*  MJ[J.^JUy,  J.  8.  Pwier:  On  the  Metrical  Sjitem 
of  Weights  aiidMcafliirM.  8to.  1859. 


Tuesday,  April  12,  18oi>. 

Conclusion  of  the  I'wELFm  Lkcture  of  a  Course 

**  On  F086II4  Mammai^/' 

BT 

RlCTIABD  OWKN,  F.H.S. 
FVixxRiAv  rvovuaou.  ow  nruowQj,  uoxxs.  ikstitdtioii,  etc. 

^  Summary  of  the  Succession  in  Time  and  Geographiccd  DiatrHnUkn 

^  ReeefU  mid  jFouU  Mammmia.  "* 

Havivo  tlms  recount'  (1  ilic  cliief  steps  which  have  been  made  in  tlie 
restoraiiuD  of  the  extii;i:t  quadrupeds  of  Australia,  I  conclude  tlie 
physiological  deductious  Irom  this  class  of  organic  phenomena,  and  the 
selection  of  topics,  which  seemed  to  me  to  be  best  adapted  for  the  pre- 
sent Fttlleriao  course.  In  the  cUscoutm  of  to-day,  as  in  the  pceeediog 
one  on  South  American  extinct  mammals,  you  could  uot  fail  to  be 
itTuck  with  the  forcible  and  cumulative  evidence  which  they  supplied  in 
proof  of  the  law  that  with  extinct  as  with  existing  mammalia,  particular 
lorms  were  as«ifrTie<l  to  particular  provinces,  and  that  the  same  ff>rms 
were  resiricied  to  the  same  provinces  at  a  former  geological  period  as 
they  are  at  ilie  present  day.  That  period,  however,  was  the  more  recent 
tertiary  one. 

In  carrying  back  the  retrospective  comparison  of  existing  and 
extinct  mammals  to  those  of  the  eocene  and  oolitic  strata,  in  relation  to 
their  local  distribation,  we  obtain  indications  of  extensive  changes  in 
the  relative  position  of  sea  and  land  during  those  epochs,  through  the 
degree  of  incongruity  between  the  generic  forms  of  the  mammalia 
which  then  existed  in  Europe,  and  any  that  actually  exist  on  the  great 
natnrn!  coiitinnit  of  which  I'.urope  now  forms  part.  It  would  seem, 
nideed.  that  the  further  we  iUiuetrite  into  time  for  the  recovery  of 
extinct  manunalia,  the  further  we  must  go  into  space  to  find  tlieir 
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existing  analogues.  'V<>  uiatcli  the  eocene  paleeotheres  and  lopliio<l()ns 
we  must  bring  Uipirs  liom  Sumatra  or  South  America  ;  and  we  must 
travel  to  Ihe  antipodes  for  m^Tmecobians,  the  nearest  living  analogue 
to  the  amphithms  and  spalaootheres  of  our  oolitic  strata* 

'  On  the  problem  of  the  extinotion  of  species  I  luive  little  to  say ; 
and  of  the  more  inysteiioiis  sabject  of  their  eoming  ioto  being,  nothing 
profitable  or  to  the  purpose,  at  present*  As  a  cause  of  extinction  in  tiroes 
anterior  to  man,  it  is  most  reasonable  to  assign  the  chief  weight  to  those 
gradual  changes  in  the  conditions  aftecting  a  due  supply  of  sustenance 
to  animals  in  a  stnto  of  ii!»ture  wIi'h'Ii  must  liave  accompanied  tiie 
slow  alternations  of  land  and  sea  brought  about  in  tlie  veona  of  geo- 
logiciii  tune.  Yet  tliis  reasoning  is  appli('al)lc  only  to  land  animals  ;  for 
it  in  scarcely  conceivable  that  such  operations*  cuu  have  affected  sea- 
fishes. 

There  are  characters  in  land-animals  rendering  them  more  obnoxioas 
to  extirpating  influences,  which  may  explain  why  so  many  of  the  larver 
species  of  particular  groups  have  become  extinct^  whilst  smaller 
species  of  equal  antiquity  have  survived.    In  proportion  to  its  bulk  is 
the  difficulty  of  the  contest  which  the  animal  has  to  maintain  against 
the  surrounding  agencies  tliat  are  ever  tending  to  dissolve  the  vital 
bond,  and  subjugate  the  living  matter  to  the  ordinary  chemical  and 
physical  forces.    Any  changes,  therefore,  in  such  external  agencies  as 
a  species  may  have  been  originally  ada])ted  to  exist  in.  will  militate 
against  that  existence  in  a  degree  proportionate  to  the  size  which  may 
characterise  the  species.  If  a  dry  season  be  gradually  prolonged,  tlie  lairge 
mammal  will  su^r  from  the  drought  sooner  than  the  small  one ;  if  auch 
alteration  of  climate  affect  the  quantity  of  vegetable  food,  the  balky 
herbivore  will  first  feel  the  effects  of  stinted  nourishment ;  if  new 
enemies  be  introduced,  the  large  and  conspicuous  animal  will  fall  a 
prey  while  the  smaller  kinds  conceal  themselves  and  escape.  Small 
<piadrupeds,  moreover,  are  more  prolitie  than  large  ones.    Those  of 
the  bulk  of  the  mastodons,  me^atlieria,  glyptodons,  and  diprotodons', 
are  iini})arous.    The  actual  presence,  thereft>re,  of  small  specii;«  of 
animals  in  countries  where  larger  species  of  tlie  ij^mie  natural  families 
formerly  existed,  is  not  the  consequence  of  degeneration — of  any 
gradual  diminution  of  the  size — of  such  species,  but  is  the  result  of 
circumstances  which  may  be  illustrated  by  the  lable  of  the   Oak  and 
the  Reed     the  smaller  and  feebler  animals  have  bent  and  accommo- 
dated themselves  to  changes  to  which  the  larger  species  have  suc- 
cumbed. 

That  species  should  become  extinct  appears,  from  the  abundant 
evidence  of  the  fact  of  extinction,  to  be  a  law  of  their  existence; 
whether,  however,  it  be  inherent  in  their  own  nature,  or  be  relnrive 
and  dependent  on  inevitable  changes  in  the  conditions  and  theatre  of 
their  existence,  is  the  main  subject  for  consideration.  But,  admitting 
extinction  as  a  natural  law  which  ha^  operated  from  the  beginning  of 
life  on  this  planet,  it  might  be  expected  tiiat  some  evidence  of  it  should 
occur  in  our  own  time,  or  within  the  historical  period.  Reference  has  been 
made  to  several  instances  of  the  extirpation  of  species,  certainly,  pro- 
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babiy,  or  poaaibly,  dae  to  the  dinct  a^ey  of  man ;  bat  this  cause 
avaib  Dot  ia  the  question  of  me  eztiDction  of  species  at  periods 
prior  to  aoy  evidence  of  human  existence  $  it  does  not  help  ns  in  the 
explanation  of  the  majority  of  extinctions,  as  of  the  races  of  aquatic 
invert ebrata  and  vcrtebrnta  wliich  have  succc'^sively  passed  nwav. 

Wiihin  the  last  century  academicians  of  ,St.  IVtershm ij;  and  good 
naturalists  ha\e  described  and  ijiven  figures  of  tlie  bony  and  the 
perishable  part**,  including  the  aliiueutary  canal,  ut  a  large  and  peculiar 
fucivorous  Sirenian — an  amphibious*  animal  like  the  Manatee,  which 
Cnvier  daaaified  with  his  herbivoroua  Cetoeeo,  and  called  SieUaria 
after  ita  diaooveier.  This  animal  inhabited  the  Siberian  shores  and  the 
mootha  of  the  great  rivers  there  disemboguing.  It  is  now  believed  to 
be  extiDCt,  and  tliis  extinction  seems  not  to  have  been  due  to  any  special 
qiif'st  and  persecution  by  man.  We  may  discern,  in  this  fact,  the 
operation  of  changes  in  physical  geography  which  iiave,  at  length,  so 
affected  the  conditions  of  existence  of  tlie  Stclkria  as  to  have  caused 
its  extinction.  Such  changes  iiaii  operattid,  at  an  earlier  period,  to  the 
extinction  of  the  Siberian  elephant  and  rhinoceros  of  the  same  regions 
and  latitudes.  A  future  generation  of  aoologists  may  haTO  to  reeord 
the  final  disappearance  of  the  Arctic  buffalo  (Owbo$  motehatus). 
Fossil  remains  of  Ovihos  and  Stclleria  show  that  they  were  contem- 
poraries of  Eiepfms primigmim  and  Rhmoeeros  tichorrkimu. 

The  Great  Auk  (Alca  impennis,  L.)  ^^rems  to  be  rapidly  verging 
to  extirjction.    It  has  not  been  specially  hunted  down,  likp  the  dodo 
and  dinornis,  but  by  degretis  has  bccoine  more  scarce.    Some  ot  flu» 
geological  changes  aflfecting  circumstances  favourable  to  the  well- 
being  of  the  Alca  impennis,  have  been  matters  of  observaii(^>ii.  A 
friend,*  who  last  year  visited  Iceland,  informs  me  that  the  last  great 
aoks,  known  with  anytlung  like  certainty  to  have  been  there  seen, 
were  two  which  were  taken  in  1844  during  a  visit  made  to  the  high 
rock  called  "  Eldey,"  or  "  Meelsoekten,"  lying  off  Cape  Reykianes, 
the  S.W,  point  of  Iceland.    This  is  one  of  three  principal  rocky  islets 
formerly  existing  in  that  dir(Mjiion,  of  whirh  the  one,  specially  named 
from  this  rare  hird,  *  Geirfugla  Sker,*  sank  to  tiie  level  of  the  surface  of  the 
sea  during  a  vidcanic  disturbance  in  or  about  tlie  year  1830.  Sucli 
disappiarauue  of  die  til  and  favourable  breeding -places  of  the  Atca 
impmnMMmoaiL  form  an  impoitafit  element  In  ita  decUne  towards  extinc- 
tion.  The  numbers  of  the  bones  of  AUa  hnpemiu  on  the  shores  of 
Iceland,  Greenland,  and  Denmark,  attest  the  abundance  of  the  bird  in 
former  times.    A  consideration  of  such  instances  of  modem  partial  or 
total  extinctions  fhay  best  throw  light,  and  suggest  the  truest  notions, 
of  the  causes  of  ancient  extinctions. 

As  to  the  successions,  or  cominp^  in,  of  new  species,  one 
might  ({peculate  on  the  gradual  nioditiability  of  the  individual; 
on  the  tendency  of  certain  varieties  to  survive  local  changes,  and  thus 
progressively  diverge  from  an  older  type ;  on  the  production  and 
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fertility  of  monstrous  ofllpring ;  on  i^e  possibility,  e.^.,  of  a  variety  of 
auk  being  oecasionally  hatched  witii  a  tsomewhat  longer  winglet.  and 
a  dwarfed  stature  $  00  the  probability  of  such  a  Tariely  better  adapting 

itself  to  the  clianging  climate  or  other  conditions  than  the  old  type — 
of  such  au  origin  of  Alca  torduy  e.g.  \ — l)iit  to  what  purpose  ?  Past 
exj>erience  of  the  chance  aims  of  hiini;i;i  faticv,  unchecked  and  nii- 
guided  by  observed  facts,  hiiows  how  widely  they  have  ever  ghioceU 
away  from  the  gold  centre  of  truth. 

Upon  the  sum  of  the  evidence,  which,  in  the  present  course  I  have 
had  the  honour  to  submit  to  you,  I  have  affirmed  that  the  suooeaslTe 
extioctioD  of  Amvhitkeria^  Spalaeoiheria,  Trietmodomf  and  other 
mesozoic  feima  of  mammals,  has  been  followed  by  the  itttrodtietion 
of  much  more  numerous,  varied,  and  higher-organised  forma  of  the 
class,  during  the  tertiary  periods. 

There  are,  however,  {geologists  who  maintain  that  this  is  an 
assuui|)tio!i,  based  uj)oii  a  partial  knowledge  of  the  facts.  Merc 
negative  evidence,  they  allege,  can  never  satisfaetorily  esfaldish  tlie 
jjropoisitiori  that  the  mammalian  class  is  ofhite  iiifruduetion,  nor  prevent 
tlie  conjecture  that  it  may  have  been  as  richly  represented  in  secondary 
asiu  tertiary  timesj  could  we  but  get  evidence  of  the  terrestrial  iautut 
of  the  oolitic  continent.  To  this  objection  I  have  to  reply  :  iu  the 
palsBozoic  strata,  which,  from  their  extent  and  depth,  indicate,  in  the 
earth's  existence  as  a  seat  of  organic  life,  a  period  as  prolonged  as 
that  which  has  followed  their  deposition,  no  trace  of  nuunmab  has 
been  observed.  It  may  be  conceded  that,  were  mammals  peculiar  to 
dry  land,  such  negative  evidence  wmild  weigh  little  in  producing 
conviction  of  their  non-existence  during  the  Silurian  and  Devonian 
aeons,  because  the  ex|>lore<l  parts  of  such  strata  have  been  deposited 
from  an  ocean,  ami  theciiance  of  finding  a  terrestrial  and  air-breathing 
creature's  remains  iu  oceanic  deposits  is  very  remote.  lint,  in  the 
present  state  of  the  warm-blooded,  air-breathiug,  viviparous  class, 
no  genera  and  species  are  represented  by  such  numerous  and  widely 
dispened  individuals,  as  those  of  the  order  Ceiaeea,  which,  under  the 
guise  of  fishes,  dwell,  and  can  only  live,  in  the  ocean. 

In  all  cetaoea  the  skeleton  is  well  ossified,  and  the  vertehise  are 
very  numerous :  the  smallest  cetaceans  would  be  deemed  laige 
amongst  land  mammals ;  the  largest  stirpass  in  bulk  any  creatures 
of  which  we  liave  yet  gained  eo/uizance :  the  hugest  ichthyosaur, 
iguanodon,  megalosanr.  niatnnioth,  or  nieg;»t!icre  is  a  dwarf  iu  coJtt- 
|)ari80ii  with  the  modern  wiiale  of  a  haadred  feet  in  length. 

During  the  period  in  which  we  have  proof  thai  CUacca  have 
existed,  the  evidence  in  the  shape  of  bones  and  teeth,  which  latter 
enduring  characteristics  in  most  of  the  species  are  peculiar  for  their 
great  number  in  the  same  individual,  must  liave  been  abundantly 
deposited  at  the  bottom  of  the  sea ;  and  as  caclialots,  grampuses^  dolphins, 
and  porpoises  are  seen  gambolling  in  shoals  in  deep  oceans,  far  from 
land,  their  remains  will  form  the  most  characteristic  evidences  of 
vertebrate  life  in  the  strata  tiow  in  conrse  of  formation  at  the  bottom 
of  such  oceans.   Accordingly,  it  cousists  with  the  kuuwa  cl«aracteris- 
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tkt  of  ibe  oetMetD  eb«  to  find,  tlie  umiiim  deporite  whiek  Ml  fion 
ms  tenanted^  m  wnWf  with  yeriebrates  of  that  high  grade,  oontalifr* 
log  the  fooatt  oviteoit  of  the  otder  in  vast  abundance. 

The  red  engof  our  eastern  counties  eontaint  petrified  fragments 

of  the  skeletons  and  teeth  of  vanons  Ceiacea,  in  such  quantities  as  to 
constitute  a  great  ]>art  of  that  source  of  ph(^pbate  of  lime  for  which 
the  red  crag  is  worked  for  the  manuiicture  of  artificial  manure. 
The  scan^  evidence  of  Ceiacea  in  cretaceous  beds  seems  to  indicate 
a  similar  period  for  their  beginninff  as  fur  the  sofl>scaled  cj  cluid  uiid 
Ctenoid  fUbm  mUA  hm  sopeneded  the  ganoid  oidm  of  mesozoic 

We  caoBot  dosbt  bat  tel  bad  thogenera  lehthyommnu^  Plmmmmi^ 
or  Plmwmmrus^  been  repreeeoted  by  species  in  the  same  ooean  that  was 

tempested  by  the  Balsnodons  and  Dioplodons  of  the  miocene  age,  the 
bones  and  teeth  of  those  marine  reptiles  would  have  testified  to  their 
existence  as  abundantly  as  they  do  at  a  previnnR  epoch  in  the  earth's 
history.  But  no  fossil  relic  of  an  enaliosiAur  has  been  found  ni  tertiary 
strata,  and  no  living  enaliosaur  has  been  detected  in  the  present  seas  : 
and  iikey  are  consequently  held  by  competent  naturalists  to  be  extinct. 

Im likenHumer  doee  eiioh  oegatiyeevideooe  weigh  with  mein  proof  of 
tte  mn-czistenoe  of  merino  Mammals  in  the  liaaiie  and  oelitio  timee.  In 
the  marinedepoiltiof  thoee  secondary  or  mesosoie  epochs,  the  eyidenoe. 
of  vertebntes  governing  the  ocean,  and  preying  on  inferior  marine  verto- 
brates  is  as  abundant  as  that  of  air-breathing  vertebrates  in  the  tertiary 
strata  ;  but  in  the  one  the  fossils  are  exclusively  of  the  cold-blooded  rep- 
tilian class,  in  the  other  of  the  warm-blooded  mammalian  class.  The  JEna" 
UosauriOy  Celiosauria,  ruid  Crocodilia,  played  tlie  same  part  and  ful- 
filled similar  offices  iu  tlie  seas  from  which  the  lias  and  oolite  were  preci- 
pHMd,  as  the  IMphiniim  and  BdtmMm  did  in  the  terciaiy,  and  etill 
do  in  the  present  seas.  The  nnbiaiiod  eondnsioo  from  both  negattyeand 
poritiyo  eyfdenee  in  this  matter  is,  that  the  Cstaora  smeeeded  and 
aaperseded  the  Enaliosauria,  To  the  mind  that  will  not  aooept  soeih 
conclusion,  the  stratiiied  oolitic  rocks  must  ceose  to  be  monuments  or 
trustworthy  records  of  the  condition  of  life  on  the  earth  at  that  period. 

iSo  far,  however,  as  any  general  conclusion  can  be  deducud  from 
the  large  sum  of  evidence  above  referred  to,  and  contrasted,  it  is 
against  tiie  doctrine  of  the  Uniformitarian.  Orgauic  remains,  traced 
nom  their  earliest  known  graves,  are  succeeded,  one  seriea  fa^r  another, 
to  the  present  period,  and  neiver  re-appear  when  enoe  lost  light  of  in 
the  aeeeDding  searah.  As  well  m3|^  we  expect  a  living  lehthyosanr 
bidieBadfle,  as  a  ftiril  whale  in  the  Lias :  the  role  goyerns  as  strongly 
in  the  retrospect  as  the  prospect.  A  nd  not  only  as  respects  the  Ver- 
tebrata,  but  the  sum  of  the  animal  species  at  each  sucoesiive  geoklgioal 
period  hns  been  distinct  and  peculiar  to  such  period. 

Kol  liiat  tJie  extinction  of  such  forms  or  species  was  sudden  or  simul- 
taaeous :  the  evidences  so  interpreted  have  been  but  local :  over  the 
wider  field  of  life  at  any  given  epoch,  the  change  lias  been  gradual ; 
And,  as  it  would  seem,  obedient  to  some  general,  but  as  yet,  Ul-oom- 
ivehended  law.  In  regaid  to  animal  lile,  and  its  assigned  worii  on 
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thifl  planet,  there  has,  however,  plainly  been  an  ascent  and  progrew  in 
the  main. 

Althoogh  the  mammalia,  in  regard  to  the  plenary  development  of 
the  characteristic  orders,  belong  to  the  Tertiary  division  of  geological 
time,  just  as  "  Echini  are  most  common  in  the  superior  strata ; 
Ammonites  in  beneath,  and  Prodncti  with  numerous  jEi'/icr mi 

in  tlie  lowest"*  oi  the  secondary  strata,  yet  the  be^nnings  of  the  class 
manifest  themselves  io  the  formations  of  the  earlier  preceding  division 
of  geological  time. 

No  oue,  save  a  prejxjssessed  Uniformitarian,  would  infer  from  the 
Lucma  of  the  permian,  and  the  Opis  of  the  trias,  that  the  La- 
meltibranchiate  Molluslu  existed  in  the  same  rich  variety  of  develop- 
ment at  theee  periods  as  daring  the  tertiary  and  present  times;  and  no 

S repossession  can  close  the  eyes  to  the  fact  that  the  T<am<dlibianehiatie 
ave  superseded  the  Palliobranciiiate  bivalves. 

On  negative  evidence  Orihuina,  Theca^  Producta,  or  Spirifer  are 
believed  not  to  exist  in  the  present  seas  :  neither  are  the  existing  genera 
nf  siphonated  bivalves  and  univalves  deemed  to  have  abounded  in 
permian,  triassic  or  oolitic  times.  To  suspect  that  they  may  have  tlien 
existed,  but  have  liitherto  escaped  observation,  because  certain 
Lauiellibranchs  with  an  open  mantle,  and  some  kolostomatous  and 
asiphonate  Gastropods,  have  left  their  remains  in  secondary  strata,  is 
not  move  reasonable,  as  it  seems  to  me,  than  to  oonclnde  that  the  pro- 
portion of  mammalian  life  may  have  been  as  great  in  seeondaiy  as  in 
tertiary  strata,  because  a  few  small  forms  of  the  lowest  orders  have 
made  their  appearance  in  triassic  and  oolitic  beds. 

Turning  from  a  retrospect  into  past  time  to  the  prospect 
of  time  to  come,  —  and  I  have  received  more  than  one  inquiry 
into  the  amount  of  prophetic  insight  imparted  by  ]*:ilrEontoloj]ry— 
I  may  crave  indulgence  for  a  few  words,  of  more  sound,  perliaj)^, 
than  significance.  But  tho  roflective  mind  cannot  evade  or  resist  the 
tendency  to  speculate  on  ihe  iuture  course  and  ultimate  fate  of  vital 
phenomena  in  this  planet.  There  seems  to  have  been  a  time  when  life 
was  not ;  there  may,  therefore,  be  a  period  when  it  will  cease  to  be. 

Oor  most  soaring  speculations  still  show  a  kinsliip  to  our  nature : 
we  see  the  element  finality  in  so  much  that  we  have  cogninnceoft 
that  it  must  needs  mingle  with  our  thoughts,  and  bias  our  oonclusiona 
on  many  things. 

The  end  of  the  world  has  been  presented  to  man's  mind  under 
divers  ns]  ccts  : — as  n  general  conflagration  ;  as  the  same,  preceded  by 
a  millennial  exaltation  of  the  world  to  a  Pa radtStacal  state,~the  abode 
of  a  higher  and  blessed  race  of  intelligences. 

if  the  guide-post  of  PaUeositology  may  seem  to  point  to  a  course 
ascending  to  the  condition  of  the  latter  speculation,  it  points  but  a  very 
short  way,  and  in  leaving  it  we  find  onnelves  in  a  wilderness  of  con- 


♦  A  generalisation  of  WILLIAM  SMITirS,  justly  regarded  by  EDWARD 
FORBES  and  other  philosophical  Naturalists  as  of  higher  importance  than  the 
identificatioii  of  itrata  by  lyMettv. 
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jecture,  where  to  tfy  to  adTanee  Is  to  find  owmLvob    in  wandering 

mazes  lost" 

With  much  more  siitist'action  do  T  return  to  the  Intimate  deduc- 
tions from  the  phenonuMia  we  have  had  under  review. 

In  the  survey  which  i  ha\  e  taken  m  tiie  present  course  of  lectures 
of  the  genesis,  fiuccessioo,  geographical  (Ustribution,  affinities,  and 
orteology  of  the  mammalian  cbtM,  if  I  have  aueceeded  in  demonatrat- 
ing  the  perfect  adaptation  of  each  vaiying  form  to  the  exigencies,  and 
Iiablts,  and  well-being  of  the  species,  I  have  fulfilled  one  object  which 
I  had  in  view,  viz.^  to  set  fiuth  the  benefioence  and  Intelligenoe  of 
the  Creative  Power. 

If  T  have  been  nble  to  demonstrate  a  uniform  phin  pervading  the 
osteological  structure  of  so  many  diversified  animated  beings,  I  must 
have  enforced,  were  that  necessary,  as  strong  a  conviction  of  the  unity 
of  the  Creative  Cause. 

If,  in  all  the  striking  changes  of  form  and  proportion  which  have 
passed  under  review,  we  eoald  discern  only  the  results  of  minor 
modifieatmns  of  the  same  fevr  osseous  elements^ — surely  we  must  be 
the  more  strikingly  impressed  with  the  wisdom  and  power  of  that 
Cause  which  could  produce  so  much  vatiety,  and  at  the  same 
time  sooh  perfect  adaptations  and  endowments^  out  of  means  so 
simple. 

For,  in  what  have  those  mechanical  instruments, — the  hands  of 
the  ape.  the  hoots  of  the  horse,  the  fins  of  the  whale,  the  trowels  of 
the  mole,  the  wings  of  the  bat, — so  variously  iormed  to  obey  the 
bdieats  id  volition  in  deniiens  of  difihrent  elementa— 4n  what,  I  say,  have 
they  dlffSered  lirom  the  artificial  instruments  whieh  we  ourselves  plan  with 
foresight  and  calculation  for  analogous  uses,  save  in  their  greater 
oompUaityy  in  their  perfection,  and  in  the  unity  and  simplicity  of  the 
elements  which  are  modified  to  constitute  these  several  locomotive  organs. 

Everywhere  in  organic*  nature  we  see  the  menns  not  only  sub- 
servient to  an  end,  but  that  end  aeeomyilished  by  tiie  simplest  means. 
Hence  we  are  compelled  to  regard  the  Great  Cause  of  all,  not  like 
certain  philosophic  ancients,  as  a  uniform  and  quiescent  mind,  as  an 
all  pervading  anima  mundij  but  as  an  active  and  anticipating 
intelligenoe. 

By  applying  the  laws  of  comparative  anatomy  to  the  relics  of 
estinct  races  of  animals  contained  in  and  charaeterizing  the  different 
strata  of  the  earth's  crust,  and  comsponding  with  as  many  epochs  in 

the  earth's  history,  we  make  an  important  step  in  advance  of  all  pre- 
ceding philosophies,  and  are  able  to  demonstrate  tliat  the  same  ])er- 
vading,  active,  and  ber»eficent  intelligence  which  muniie^is  His  power 
in  our  times,  has  also  manifested  His  power  in  times  long  anterior  to 
the  records  of  our  existence. 

But  we  likewise,  by  these  investigations,  gain  a  still  more  important 
troth,  viz.,  that  the  phenomena  of  the  world  do  not  succeed  eadi  other 
with  the  mechamcal  sameness  attributed  to  them  in  the  cycles  of  the 
epicurean  philosophy  ;  for  we  are  able  to  demonstrate  that  the  different 
epochs  of  the  history  of  the  earth  were  attended  with  corresponding 
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ehiOgpt  of  Oigaaie  tlni^ture ;  and  that,  in  all  these  instances  of  change, 
the  organs,  as  far  a«t  we  could  comprehend  their  use,  were  exactly  those 
best  suited  to  tlie  functions  of  the  betng.  Hence  we  not  only  show 
intelligence  evoking  means  adapttni  to  the  end;  but,  at  succesi^ive 
times  and  periods,  producing  a  ciiange  of  mechanism  adapted  lo  a 
change  in  external  conditions.  Thus  the  highest  generalizations  in  the 
•oieaoe  of  orgpnlc  bodies,  Iiko  the  JKmrntmakm  km  of  onivenal  mtter, 
loftd  fo  tlio  tmoqtttTOoal  ooBfiotioii  of  a  gmt  Fint  Ome^  wfaidi  it 
oertainW  not  mechttoioaL 

Unnttmd  lij  narrow  restrictions,— uncheckod  hy  the  timid  and 
unworthy  fears  of  mistnistfnl  mind?',  clinging,  in  regard  to  mere 
physical  questions,  to  beliefs,  for  which  the  Author  of  all  truth  has 
been  pleas^  to  substitute  knowledge, —our  science  becom€»  connected 
with  the  loftiest  of  moral  speculations;  and  I  know  of  no  topic  more 
fitting  to  the  sentimeutb  with  which  I  desire  to  conclude  the  present 
oowae. 

If  I  believod,-^  oao  tlio  language  of  a  gifted  ootttompoimiy,  tl«t 

the  imagination,  the  feelings,  the  active  k^Uectual  powon,  bennng  on 
the  business  of  life,  and  the  highest  capacities  of  our  nature,  were 
blunted  and  impaired  by  the  study  of  physiological  and  palfFontological 
phenomena,  I  shouhi  then  regard  our  science  as  iittie  better  than  a 
moral  sepulchre,  in  which,  like  the  strong  man,  we  were  burying  our* 
selves  and  those  around  us  in  ruius  of  our  own  creating. 

But  surely  we  must  all  believe  too  firmly  in  the  immutable  attri- 
bute! of  that  Being,  in  whon  all  tni^  of  whaterer  kind,  finds  Its 
proper  Tetting-pliiQe^  to  think  that  the  prindples  of  physioal  and  nMnd 
troth  oan  ever  be  in  laiUngoolfirian,* 

[R.  O.] 


*  Sedgwick,  Addresi  to  ths  Oeoloeioal  0ooi«ty,  1831. 
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WEEKLY  EVENING  MEETING, 
Friday^  April  8,  1859. 
Sir  ilsHBV  Holland,  Bart.  M.D.  F.K,S.  in  the  Chair. 

Jambs  Pagkt,  Esq.  F.E.S. 

On  t/i€  Chronometry  of  Life, 

The  deslsrn  of  the  discourse  was,  to  illustrate  the  law  that  the  processes 
of  organic  iife  are  regulated  with  a  regard  to  time,  us  exact  as  that 
which  is  observed  by  them  in  respect  of  size  and  weight  and  quantity 
of  material  employed  la  them ;  and  to  show  that  such  an  obsenranoe 
of  time  IS  characteristio  of  life^  depending  essentially  on  properties 
inherent  in  the  living  bodies  themselves,  and  not  on  conditions  external 
to  them. 

T>aws  indicatin<r  th*?  limitation  of  the  organic  formative  pn^oPHsc^, 
iu  rt "-ppct  of  quaiiiity,  are  evident  iii  ttie  facts  that,  in  the  ordinary 
couditi(Mis  in  wiiich  each  living  being  is  found,  it  and  all  its  parts  have 
appropriate  size  and  weight  and  mutual  proportion.  These  may, 
indeed,  be  modified  by  the  variations  of  external  conditions,  or  by 
events  that  are  of  the  nature  of  accidents :  but  the  mnge  of  possible 
variations  is,  in  nearly  all  cases,  comparatively  narrow;  and  the 
boundaries  are  soon  readied,  in  which  changes  of  external  conditions 
become  incompatible  with  life. 

Ati  instance  of  a  correspond itig;  limitation  of  the  organic  procf»>iscs 
ill  regard  to  time  might  be  noted  in  the  natural  duration  of  each 
creature's  life.  It  is,  indeed,  not  |>ossibie  to  assign  any  exact  number 
of  hours,  days,  or  years,  as  the  constant  limit  of  life  in  any  species  ; 
but  it  \&  enough  to  prove  a  law  of  time,  as  limiting  the  total  duration 
of  the  oigsnlc  processes  in  each,  when  we  see  that,  in  man,  and  in 
other  spedes,  the  length  of  life,  when  not  diminished  by  disease  or 
violence,  \s,  as  fixed  as  the  natural  weight  or  stature  is,  and  that  the 
term  of  life  is  marked  by  changes  whose  source  is  inherent  in  the  living 
body.  AVatching  these  changes  in  the  senile  degenerations  of  the 
human  body,  it  is  evident  that  life  does  not  cease,  naturally,  berntise 
of  any  change  in  the  e\t(  i  nal  conditions  of  livinj^  ;  and  that  the  body 
is  not,  with  advancing  \tiars,  gradually  worn  out.  as  if  there  were  a 
gradual  consumption  of  a  store  of  material  or  of  force  \  but  that,  as,  at 
a  set  time,  tlie  development  of  the  body  ceases  and  growth  goes  on. 
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and  then  growth  ceases  and  the  Ixxlv  \<  only  maintained  iu  its  jnTfec- 
tion,  so,  after  a  tinu'  of  such  iHaiiitciKUicc.  tlio  niethixl  of  the  formative 
processos  in  the  body  chanp' s,  it  slowly  degt'iicratcs.  and  tlirough  de- 
generacy dies.  And  all  ihcsr  stages  are,  alike,  natural,  conbtant, 
timely;  all,  too,  are  together,  cluuacleristic  of  life;  tliere  is  no  such 
sucoeasion  of  evente  to  he  traced  in  any  form  of  dead  matter* 

Observance  of  time  may,  again,  be  noted  in  the  formative  pro- 
cesses concerned  in  any  of  the  organs  whose  changes  marie  the  divisions 
of  a  life  into  its  chief  periods  ;  in  the  teeth.  Considering  merely 
the  conditions  in  which  the  teeth  of  the  first  set  are  placed  before  th^ 
project  from  the  gums,  there  appears  no  reason  why  one  should  be  cut 
before  the  other.  <>r  w!iy  they  should  not  all  ijrow  with  equal  speed.  Yet 
while  they  all  grow  alike  in  regard  of  sti  nt  tiire  and  composition,  they 
have  very  ditferent  rules  in  recrard  to  the  tinje-rate  of  tlieir  forniatiua. 
And  a  yet  more  marked  instancf  of  time-regulation  Ls  iu  the  contrast 
of  the  teeth  of  the  first  set  wiili  those  of  the  second.  In  all  essential 
characters^  except  those  of  strength  and  size,  the  two  sets  are  mneh 
alike ;  yet  there  is  the  widest  difference  in  the  rates  at  which  they  are 
formed,  and  in  their  duration.  The  second  teeth  require  as  many  years 
for  their  formation  as  the  first  require  months ;  th<  first  live  but  a  few 
years,  tlie  second  should  live  as  long  as  the  rest  of  the  body^aod  some- 
times do  so.  Now  there  appears  nothing  to  which,  as  to  an  cflRcient 
cause,  this  difference  can  be  referred.  Its  utility  and  final  cause  can 
be  discerned  ;  but,  as  to  that  which  verily  determines  the  rates  of 
growth,  and  the  durations  of  the  teeth,  it  can  only  be  referred  to  a 
First  Cause  ;  or  it  may  be  said,  as  of  other  thinors  subordinate  to  a  First 
cause,  that  it  depends  on  some  of  tho^e  properties  which  each  living 
being  inherits  fiom  its  parents,  and  through  which  it  results  that,  in 
respect  of  time,  as  well  as  of  method  and  quantity,  the  formative 
processes  in  the  offspring  are  a  repetition  of  those  of  the  parent. 

The  observation  of  the  development  and  changes  of  the  teeth  affords, 
moreover,  an  excellent  instance  of  the  punctuality  with  which  time- 
work  is  regulated  in  the  organic  processes,  and  of  the  manner  in  which 
several  different,  and  really  independent,  processes,  beinj;  set  to  the 
same  time-mte.  are  made  to  co-oj)erate  to  the  end  of  utility  in  the 
economy.  This  is  evident  in  tlie  coincidence  of  the  development  of 
the  teeth  of  the  seettnd  set,  with  the  removal  of  those  of  tlic  first ;  aiid 
in  tlie  coincident  growth  of  the  jaw,  and  all  its  muscles  and  other 
apparatus  for  mastication.  In  all  of  these  (and  the  same  might  be 
said  of  any  other  system  of  organs  in  any  species)  the  formation  of 
every  part  is  achieved  with  an  admeasurement  of  time  as  precise,  and 
as  perfectly  designed,  as  that  of  its  shape,  or  size,  or  structure. 

For  examples  of  organic  processes,  a^usted  to  be  complete  in 
definite  periods  of  time,  the  germination  of  seeds,  and  the  hatchinp;  of 
eggs,  could  be  cited.  In  plants,  and  in  cold-blooded  animals,  the  tin»e 
varies  according  to  temperature,  yet  not  >vitliout  evidciice  of  a  proj)er 
time-rate  ;  but  auiong  birds,  each  species  has  its  own  time  for  incuba- 
tion, as  fixed  as  its  otlier  specific  characters.  In  other  words,  the 
development  of  the  structures  of  an  egg  into  those  of  a  young  bird, 
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appropriately  lilted  for  life  in  th''  ojk  n  air,  is  Ijuk  I  to  a  certain  rate 
of  progress;  so  much  work  is  lit  lie  done  in  so  many  days,  neither 
more  nor  less  ;  and  on  eaeli  day  its  approjiriatc  and  special  j)()rtion  of 
the  work.  And  it  is  evident  that  the  time  occupied  in  the  process  is 
dctemuDed  by  the  inberent  propertiM  of  the  egg  itsdf.  Ykk  if  the 
eggs  of  any  namber  of  species  be  exposed  lo  the  same  heat  and  other 
conditions^  in  a  hatching  madiiDe,  then,  as  surely  as  the  bird  pro- 
duced from  each  will  be  like  its  parents,  so  sorely  will  it  be  hatched 
in  the  same  time  as  its  parents  were  ;  in  other  words,  the  observance 
of  a  specific  timo-rite  in  the  process  of  development  is  as  exact  as  that 
of  any  otiier  specific  character. 

With  this  observance  of  tune  in  the  development  of  the  young 
might  be  noticed  that  which  is,  coiumuidy,  coincident  in  the  parent. 
Nol  to  dte  the  example  of  all  the  mammalia,  that  of  ])igeons  might  be 
taken^  in  whidi,  during  the  incubatiou  of  their  eggs^  the  crops  of  the 
pamits  are  remarkably  developed,  so  that  they  may  be  fttted  for  the 
eeeretkm  of  a  fluid  destined  to  make  the  food  of  their  yoang  offspring 
more  suited  for  their  sustenance.  The  correspondence  of  these  time- 
rates,  observed,  at  once,  in  tlie  development  of  the  young  pigeons,  and 
in  that  of  the  crops  of  the  parents,  demonstrates,  in  both,  a  provision 
for  chronometry  in  their  organic  processes,  as  clearly  as  the  faces  of 
two  clocks,  constantly  keeping  time  together,  would  prove  that  they 
both  have  some  apparatus  for  chronometry  within. 

Further,  the  provtsioos  made  by  parents  for  their  future  young 
■find  evidence  of  the  time-regulation  of  organic  processes,  In  so  far  as 
those  provisions  seem  to  indicate  a  reckoning  of  the  time  neoesaary  for 
th^  completion.  For  ezam|de,  certain  turtles  lay  their  eggs  in 
hollows  made  in  the  sand,  leave  them  there  to  be  hatched,  and  at  the 
time  of  liatcliing  return  to  them  for  the  sake  of  tiieir  young.  It  might 
be  asked,  how  can  these  creatures,  and  many  others  in  similar  cases, 
reckon  the  passage  of  time  ?  Most  probably,  they  do  not  reckon  it 
at  all ;  but  just  as  the  timely  attained  fitness  of  their  organization  for 
preparing  and  filling  their  neats  impelled  them  to  those  acts,  so  some 
tuae-fcguiated  organic  processes,  taking  place  in  them  after  the  laying  of 
their  eggs,  bring  about  at  length  a  new  condition,  of  which  a  £m 
consciousness  becomes  an  impulse  to  them  to  return  to  their  nests. 
Such  an  explanation  would  involve  little  gue!»s-work  ;  for  changed 
organization  is,  manifestly,  often  the  source  cd"  imj^ilse  to  instinctive 
actions,  and  the  parental  organization  does  commonly  change  at  a  rate 
commeusumte  with  that  of  the  development  of  the  oHspring.  And  a 
similar  reference  to  chronometric  processes  in  the  body,  might  explain 
many,  though  probably  not  all,  other  instances  in  which  animals  seem 
to  have  a  power  of  reckoning  the  passage  of  time. 

The  phenomena  of  disease,  especially  in  fevers,  ague  s,  the  conse- 
qoenoes  of  injuries,  and  many  cutaneous  eruptions,  would  afibrdabundant 
instances  of  the  observance  of  time  in  the  organic  processes.  The 
vaccine  di«ense  might  be  generally  watched  a?^  an  illustrTitinn,  being 
characterized  by  a  vesicle  at  each  place  of  insertion  of  tiie  \  irn>.  which 
vesicle  begins  to  appear  on  the  third  day,  and  on  the  following  days 
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panes  through  ehanges  which  are  as  exactly  regulated  in  time  as  they 
are  in  viiihle  ehara^ers.  The  changes  in  this  vesicle  are,  moreover, 
indicative  of  a  coincident  succession  of  events  in,  or  produced  by,  the 
virus  inserted,  wliich,  in  the  blood  of  the  vaccinated  person,  increases, 

and,  incorporating  itself  in  the  vesicle,  reaches  its  higliest  develo|>- 
ment  and  greatest  iuoculatiug  power  on  the  eighth  day,  and  then 
degeiienites. 

The  vaccine  might,  in  most  essential  points,  be  reirarded  as  a  ty[»e 
of  morbid  poisons,  i.e.y  of  such  as  are  the  products  oi  disease.  Whetlicr 
inserted  in  the  blood  by  inoculation,  or  bred  therein,  they  commonly 
occupy  definite  periods  of  time  in  their  development,  and  increase,  and 
dedine ;  as  with  a  life  which  is  chronometric  in  all  its  phases  and  in  its 
total  length. 

The  instances  of  morbid  poisons  would  supply  examples  of  oiganic 
processes  timed  to  various  numbers  of  days ;  and  many  that  are  com- 
pleted in  a  day,  or  in  given  portions  of  a  day,  are  traceable  in  the 
events  of  slet})  and  waking  in  animals  (and,  jx  Hinps,  also  in  plants), 
in  the  daily  variations  of  the  pulse,  and  of  breathing,  the  returns  of 
huij^^iT  and  thirst,  the  regulated  times  of  the  digestive  functions,  &c. 
In  man.  indeed,  consciousness  and  will  are  so  concerned  in  some  of 
these  functions,  that  they  may  seem  to  lack  tliat  regularity  which 
belongs  to  merely  oigpmic  processes ;  but,  if  studied  generally,  and  in 
other  species  as  well  as  man,  they  all  teU  of  such  processes  accomplished 
with  regular  measurement  of  time,  and  not  determined  by  the  external 
events  or  conditions  of  the  day  or  nig^t   Thus,  for  sleep  andwalL* 
ing,  and  the  times  of  hunger  and  thirst,  man's  independence  in  regard 
to  day  and  night,  or  light  and  darkness,  and  the  habits  of  difFerait 
species  whose  times  of  activity  are,  severally,  in  the  early  or  later  day, 
in  twilight  or  at  night,  may  prove  that  the  earth's  diurnal  cliauges  are 
not  lilt  (  auses  of  these  diurnal  peculiarities  of  animal  life.    The  very 
cause  of  sleep,  and  of  that  which  is  yet  more  mysterious,  waking,  may 
be  miknown ;  but  they  are  evidently  connected  and  correlated  with 
those  alternating  conditions  of  the  structures,  of  which  men,  and  pro- 
bably all  animals  that  sleep  and  walie,  are  conscious  in  the  sensations 
of  fatigue  and  of  refrsshment.   The  ordinary  activities  of  one  portion 
of  the  twenty-four  hours,  the  activities,  especudly,  of  the  muscles  and 
nervous  centres  and  the  senses,  produce  an  amount  of  structural,  or 
chemical,  change  which  is  exactly  repaired  in  rest  during  sleep.  Tn 
otiier  words,  the  organic  processes  for  the  repair  of  structures  changed 
(as  all  structures  are)  by  exercise,  are  adjusted  to  such  a  rate,  that,  in 
general,  and  on  an  average,  in  the  time  of  sleep,  they  may  completely 
restore  the  parts  that  are  impaired  in  the  activity  of  waking  lime. 
And  so,  of  that  replacement  of  substances  in  the  several  structures  and 
in  the  blood,  which  is  the  purpose  of  feeding ;  the  processes  of  dig«- 
tton  and  of  tlie  several  stages  of  atsimilation  are  so  timed,  as  to  acoofd 
exactly  with  the  times  of  daily  taking  food. 

The  most  minute  observances  of  time  in  organic  processes  miglit 
be  noted  in  organs  that  have  rhythmic  motions,  as  in  hearts  and  breath- 
ing muscles,  cilice,  the  vacuoles  of  certain  zoospores,  as  Volvox  aud 
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(louium.  In  the  Crooniaii  Lecture  at  the  Royal  Stx-iety,  in  1867,  tiie 
speaker  had  endeavoured  to  prove  that  these  and  other  rhythmic  move> 
aents  in  plmnts,  u  well  as  animHb^  are  due  to  oomsponding  time- 
T^pihted  nutritioD.  He  had  exprened  his  belief  that  rhythmic 
iwlioo  is  an  ianie  of  riiythmic  natritlOD,  of  a  method  of  nutrition, 
io  which  the  aeting  parts  are.  at  certain  periods,  raiaed,  with  time- 
regulated  progress,  to  a  state  of  instability  of  composition,  from  which 
they  then  dooline,  and  in  their  decline  may  change  their  shape  and 
mo?e  with  a  definite  velocity,  or  (as  nervous  centres)  may  discharge 
nme-force."  And  this  would  be  still  maintained  ;  but  whetlier  it  were 
tnie  or  not,  the  rhythmical  nutrition  of  rhjlhmically  acting  muscles 
would  be  certain.  If  nut  a  ciiuse,  it  must  be  a  consequence  of  such 
acting;  for  it  is  inconceivable  that  the  heart  (for  example)  or  the 
di;;pliragm,  or  any  other  riiythmic  miude,  should  be  free  from  waste  or 
impaifiDettt  in  its  action,  or  firom  the  necessity  of  being  renovated  in  its 
rest«  Difference  of  mode  of  action  could  not  determine  a  difibrenoe 
ID  the  immolate  effect  of  action.  With  long  exercise,  musdes  beoome 
ID  changed  that  their  changed  state  can  be  felt  in  the  sensation  of 
weariness,  and  proved  by  chemical  analysis.  But  tiie  clianfi^e  thus 
proved  is  only  the  nroumulatinn  of  the  rlinnires  wrought  in  many 
muscular  actions,  each  of  which  iias  cuiilributed  a  share  to  the  wlude 
amount,  ju¥«t  as  each  revolution  of  a  wlieel  contributes  to  the  final  wear- 
ing out.  Similarly,  every  action  of  the  hftirt,  or  of  the  breathing 
muscles,  is  attended  with  change  or  impairment  of  composition  ;  but, 
(he  impmnnent  is  repaifed  in  the  next  following  period  of  rest  or 
rditstion.  Io  other  words,  the  alternating  actions  in  shortening,  and 
leiti  m  lengthening,  of  the  muscular  fibres  are  oorrelatire  and 
ffsehnwious  with  their  alternating  impairments  and  repairs  of  compo- 
ation.  The  chronometry  of  such  organic  processes  seems  perfect ; 
nutrition  is  in  them  divided,  as  it  were,  into  units ;  and  for  each  unit, 
there  might  be  reckoned  a  unit  of  time. 

Two  results  of  this  constant  maintenance  of  rhythmic  muscles  are 
remarkable  ;  nnTnely.  the  enormous  [)ower  they  are  capable  of  exerting, 
and  their  freedom  iroiu  fatigue  wlien  only  iiaturally  acting.  The  latter 
remit  is  proved  to  depcud  on  the  cunstaul  maiuteaance  of  the  muscles, 
is  their  timely  intervals  of  rest,  by  the  weariness  which  is  produced  in 
fteauae  muscles  when  they  act  otherwise  than  rhythmically,  as  in  the 
sMades  of  respiration  when  employed  in  any  Toluntary  movements,  or 
in  coughing  or  other  violent  respiratory  acts. 

The  instances  adduced  thus  far  might  snpply  examples  of  org^ic 
processes  adjusted  to  periods  of  time  varying  from  the  length  of  human 
life  to  less  than  a  second.  They  were  all  examples  of  large  classes  of 
far'c.  from  which  might  be  fiHed  up  the  instances  of  ()!><^erv!inee  of 
oiWr  and  very  diverse  periods  of  time;  and  in  all  of  rhf  rn,  the  nme- 
rate  is  essentially  determined,  not  by  extenial  conditions  (liiough  these 
luay,  i[i  some  measure,  modify  it)  but  by  the  inherent  properties  of  the 
organic  bodies  themselves. 

In  another  large  group  of  instances,  those,  namely,  in  which  vitsl 
pnooMs  are  completed,  or  attain  some  climax,  in  a  year  or  in  a  set 
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portion  or  season  of  a  yvxiv.  an  independence  of  external  coruiiiiuiis 
appears  less  e\  ident.  The  higher  organisnns,  clnefly  by  reniKin  of  their 
having  in  theins^elves  the  puwcr  of  generatinf]^  heat,  uiay  manifest  their 
own  time-laws  with  comparatively  little  disturbance  from  without. 
But  in  the  vegetable  world,  and  in  the  lower  animals,  the  oi^utic 
processes  are,  for  the  most  part,  suspended  during  part  of  the  year, 
for  want,  chiefly,  of  the  heat  which  is  a  neoessary  condition  of  their 
activity,  and  the  variations  of  which,  for  the  rest  of  the  year,  veiy 
greatly  affect  their  rate.  Yet  even  in  these,  there  appear  sufficieot 
indications  that  the  times  in  which  the  processea  of  organic  life  are 
accomplished  depend,  essentially,  on  the  specific  properties  of  tlie 
several  organii^ms  tlieniselves. 

Thus,  under  the  same  external  eonditions,  each  species  observer  a 
proper  rate  of  its  own.  All  the  plants,  fur  exiiaiple,  of  a  given  kjcaluy 
are  subject  to  the  same  temperature,  and  other  seasonal  conditions  ; 
but  their  rates  of  living,  like  those  of  various  eggs  placed  in  the  same 
heat,  are  different ;  each  reaches  the  chief  events  of  its  life  at  a  certain 

geriod  of  the  year.  Variations  of  the  seasons  may  affect  all  of  them ; 
ut  their  method  of  succession  is  not  thereby  changed ;  they  observe 
the  same  proportions  in  the  times  severally  required  for  their  organic 
processes;  and  this  iinaltering  proportion  indicates  a  time-rate  specific 
for  each,  thongh  equally  variable  in  all. 

Moreover,  an x^!)^  plants,  \.\\vrv  nrc  numerous  examples  of  varieties, 
which  differ  from  the  general  eharaeters of  their  species  only,  or  chiefly, 
in  regard  to  tlie  times  at  whieli  thrir  ^  ital  jjrocesses  are  accomplisiied. 
Such  are  tlie  variatiuns  tliat  are  known  us  "late,"  and  ''early,"  among^ 
flow  ers  or  fruit<s ;  of  which  some  may  be  propagated  by  seeda. 
[Specimens  were  shown  from  two  horse-chesnuts  growing  opposite  to 
one  another  by  the  great  gate  of  the  Kew  Gardens,  of  which  one  ia^ 
every  year,  three  weeks  earlier  than  tlie  other,  In  aU  the  processes  of 
its  life ;  and  of  varieties  of  Eiythroniom  Dens  Canis,  from  the  same 
gardens,  the  plants  of  which,  growing  side  by  side  in  the  same  bed, 
always  present  a  similar  difference  in  tlieir  times  of  flowering,  &c., 
thojigh  in  all  other  respects  alike.]  It  would  be  diflRcult  to  imagine  a 
variety  thus  marked  only  by  a  peculiarity  in  rate  of  living,  if  tcmj>er:i- 
ture,  or  the  iutluence  of  the  seajsous,  alone  deiermined  the  rate  of  lite 
in  the  species.  The  simplest  explanation  seemed  to  be  that,  as  there 
may  be  varieties  iu  size  and  number  of  organs,  and  almost  all  the  other 
properties  of  a  species,  which  together  make  up  its  specific  character, 
so  there  may  be  also  varieties  in  regard  to  that  time-rate  of  Uie  pro- 
cesses of  organic  life  which,  even  by  this  variability,  ia  indicated  as 
essentially  dependent  on  the  properties  of  the  organism  itself. 

Again,  there  are  some  species  in  which  there  seems  to  exist  m 
singular  independence  of  external  conditions.  Instances  of  this  are 
found  in  the  Kriogaster  lanestris,  and  the  other  moths  mentioned  by 
Kirby  and  Spence.  If  ])upaB,  formed  in  June  or  July,  be  ''selected 
of  the  same  size,  and  exposed  to  the  same  temperature,  the  greater 
luimber  ofihem  will  disclose  the  ])erfect  insect  in  the  Februar}' follow- 
ing ;  bome  not  till  the  February  of  the  year  ensuing,  and  the  remainder 
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not  before  the  same  tnooth  in  the  third  year."  (Vol.  iii.  p.  264.)  The 
design  of  so  singular  an  arrangement  is,  as  they  observe,  to  secure  that 
insects,  comiiij!^  into  active  life  in  February  or  ^rnrch.  ninv  not  he 
uUerly  externunattd  by  the  ungeniul  weather  of  a  iiin<;le  s^eason,  or  of 
two  such  seasons  in  succession  :  but  the  very  cause  of  the  differences 
uaiung  the  pup**;,  in  their  reUjitious  to  the  same  external  conditions, 
most  be  la  th6tr  own  piupertiei. 

A  somewhat  similar  inatanoe  of  apparent  ooniplete  likeness  among 
seeds  in  all  respects  except  that  of  time,  is  in  those  of  a  Begonia,  whichy 
if  talLen  from  the  same  pod,  and  allpUinted  together,  and  all  kept  in 
the  same  conditions,  will  germinate,  some  in  a  day,  some  at  the  end  of 
a  year,  and  some  at  various  intermediate  times. 

To  these  iiidicatiotis  of  self-dependent  time-rates  in  the  h»wer 
orgniii-ms,  might  lie  added  all  the  facts  of  another  class,  which  show 
punctuality  in  the  adjustment  of  several  distinct  processes.  Scarcely 
an  event  of  life  could  be  watched  whidi  would  not  show  it, 

[The  instance  by  which  it  was  illostrated,  was  that  of  a  Saxifinga, 
whose  stamens,  like  those  of  Paniassia,  arrive  at  their  very  maturity, 
not  all  together,  but  in  pairs,  and  in  pairs  bend  upon  the  pbtil,  eadi 
pair  rising  again  before  another  pair  bends  down.] 

And,  lastly,  the  inHuence  of  temperature  on  the  rate  of  the  forma- 
tive ])rocesses  in  the  lower  organisms  is  scarcely,  or  not  always, 
greater  than  that  of  nutriment  .and  other  external  conditions,  is  on 
their  quantity.  The  occurrence  uf  ""good  and  "  bad  '*  seasons  indi- 
cates the  latter  influence,  as  that  of  "early  "  and  "late"  seasons  iloes 
the  former.  Plants  of  the  same  spedes  growing,  some  in  an  arid,  others 
io  a  rich  sofl,  differ  exceedingly  in  sixe ;  the  one  are  stunted,  the 
others  exuberant;  here  nutriment  modifies  the  quantity  of  formation 
as,  in  other  instances,  varieties  of  heat  will  modify  its  rate.  But  this 
being  so,  it  may  be  held  that  as  a  certain  average  size  or  quantity  of 
growth  is  a  characteristic  of  each  s]>eei<"-;,  and  an  i?sne  of  its  very 
nature,  so  is  a  certain  average ^time  or  rate  irrowth.  Quantity  and 
rate  may  alike  be  varied  by  external  circnnistauces,  but  the  standard 
or  medium  of  both,  as  ^vell  as  ibe  limits  of  variation  compatible  with 
life,  are  determined  by  the  natural  and  inherent  properties  of  the 
specks. 

Whatever  efvidence  these  and  the  like  facts  might  supply,  that,  in 
connexion  with  the  seasons,  the  time-rates  of  the  organic  processes  in 
the  lower  organisms  are  essentially  dependent  on  the  inherent  proper- 
ties of  each  organism,  similar  evidence  might  l>e  adduced  for  the 
case  of  the  higher,  and  especially  the  warm-blooded  animals.  Tn  these 
the  varieties  of  seasons  have  less  inHuence  in  modifylntr  the  rate,  as 
well  as  all  the  otiicr  iiie^wures,  t»f  life  ;  and  the  less  iulluence,  the  higher 
the  species,  or  the  degree  of  development  of  the  individual.  Moreover, 
there  are  in  birds  some  instances  in  which  organic  processes  have  a 
tendency  to  observe  certain  times  of  the  year  even  when  the  seasons 
are  changed.  Thus  among  those  brought  from  Australia  to  this 
country,  some  of  the  parakeets  breed  here  in  December;  the  black 
swan  sometimes  breeds  in  November  as  well  as  in  May ;  the  Kew 
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Holland  Cereopsis-pon-e  has  bred  at  the  Zoological  Gardens  every 
February  for  five  or  »ix  juars.*  Aiuoug  migrator)  birds,  also,  it  has 
been  observed  that  when  they  are  kept  in  confinement,  and  remored 
from  all  the  circiunstancet  thai  might  be  suppoaed  to  indnee  or 
neoeamtate  thdr  journeys,  they  yet  become  restless  at  the  return  of  the 
season  for  their  migration. 

In  these  and  the  like  facts  there  appear  indications  of  a  cbrono- 
metry  in  the  organic  processes  of  warm-blooded  animals,  which  corre- 
sponds with  that  of  the  seasons,  but  is  esst-ntially  independent.  And,  if 
it  be  so,  these  might  form  a  group  of  facts,  in  addition  to  those  of  the 
diui  iial  variations  of  the  organic  processes,  in  which  vital  changes  are 
set  to  the  same  rules  of  time  as  changes  of  the  surface  of  the  earth,  yet 
have  their  own  proi)er  laws ;  and  concerning  which  it  might  he  said, 
that  the  cycles  of  life,  and  of  the  earth,  do,  indeed,  correspond,  bat 
only  as  concentric  dicles  do,  which  are  drawn  round  one  centre,  bat 
are  not  connected,  except  in  design  and  mutual  fitness. 

But,  however  this  might  be,  all  the  instances  of  time-regulation 
cited  in  the  discourse  (all  being  examples  of  large  crroiips  of  facts),  would 
seem  sutticieut  to  prove,  that  the  observance  of  tiinp  in  organic  pro- 
cesses is  as  exact  and  as  universal  as  that  of  any  othtr  measure ;  that 
each  species  has  a  certain  time-rate  for  the  processes  of  its  life,  variable, 
but  not  determined,  by  external  conditions ;  and  that  the  several  phe- 
nomena commonly  studied  as  the  periodicities  of  organic  life,  aye  only 
prominent  instances  of  the  law  which  it  was  the  object  of  the  disoooiBe 
to  illustrate. 

[J.  p.] 


*  Mr.  Sclater.  to  whom  tl^e  speaker  was  indebted  for  this  fact,  Kopplied  vt\«ct 
datei>  which  teud  to  prove  tliut  the  Aastraliau  parakei!t«,  iu  thiscouutry,  brticd  less 
often  in  December  uan  in  the  months  ftom  Maj  to  September,  hidiinTe;  butereo 
A  minority  of  instances  of  the  o\)servance  of  times,  and  a  gcnoml  tendency  towanls 
it,  when  the  force  of  such  external  cooditioos  as  those  of  the  seasons  is  strong 
agaiittt  it,  is  good  cridcDoe  that  inherent  properties  are  tl^  mainsprings  determining 
tfaeimtesoritib. 
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WEEKLY  EVE^JING  MEETli^G, 

Friday,  April  15,  1859. 

Sir  RoDuuoL  I.  MracBisoN,  D.C.L.  F.B.S.  Vice-FrandeDti 

in  the  Chair 

Sib  Chablb  Ltxu.,  M.A.  D.G.L.  F.B.S. 

On  the  Comolidation  of  Lara  on  Steep  Slopes ^  and  on  the  Origin  of 

tli€  Conical  I-orm  oj  Volcanoes. 

BuBiNo  two  recent  excursions  made  in  the  autumns  of  1857  and  18.58 
to  Mount  Etna,  Sir  C.  Ta'pII  had  an  opportunity  of  examining  sections 
of  lava-ciirrents  of  known  date,  wliich  had  descended  steep  slopes,  and 
bad  consolidated  thereon  in  tabular  and  stony  masses,  the  inclination 
of  which  sometinies  eioeeded  SOS  Thi*  fiMSI  has  Bn.  important  bear- 
ing on  the  theofy  of  craters  of  elevatioDi'*  it  having  been  affirmed  by 
geologistB  of  high  avdiori^,  that  when  lavas  congeal  on  a  decHvi^ 
eteeeding  5^  or  6^,  they  never  form  continuous  beds  of  compact 
ilone,  but  consist  entirely  of  scoriaceous  and  fragmentary  materials. 

The  oriprin  of  such  mountains  Etna  and  Vesuvius  had  of  did 
been  rt'ferr(  (1  to  the  cumulative  etiect  of  a  long  series  of  oi^inary 
eruptions,  it  beiujE^  seen  that  reiterated  showers  of  ashes  and  streams  of 
lava  were  often  poured  out  Ironi  a  permanent  central  vent.  This 
opinion  was  advocated  by  Mr.  Scrope  in  his  work  on  volcanoes  in  1825, 
and  by  Sir  C.  Lyell  in  hisPrtne^plet  of  Geology,  after  Ids  exploration 
of  Yesavhis  and  Etna  in  1828 ;  both  authors  considering  the  injection 
fiom  below  of  melted  matter,  in  the  shape  of  dykes,  as  part  of  the 
eoiie-mmking  process. 

But  in  plnce  of  this  simple  explanation  of  the  phenomena,  Von 
Bach  substituted  the  following  liypothesis :  that  a  vast  tliiekness  of 
horizoDtal  or  nearly  horizontal  sheets  of  lava  and  s( oria'.  having  been 
first  deposited,  an  expansive  force  ojjt  rating  from  below,  exerts  a 
pressure  both  upwards  and  outwards,  from  a  central  axis  towards  all 
points  of  the  compass,  so  as  snddenlv  to  uplift  the  whole  stratified 
mass,  making  it  assume  a  conical  form;  giving  rise  at  the  same 
time,  in  many  cases,  to  a  wide  and  deep  circular  opening  at  the  top  of 
the  cone,  an  opening  called  a   crater  of  elevation." 

In  aU  great  volcanoes  of  which  sections  can  be  obtained,  there  are 
BOTrte  layers  of  compact  stone,  inclined  at  angles  of  10°,  20^,  and 
sometimes  much  higher  angles,  and  these  beds  are  often  among  the 
uppermost,  or  last  formed  of  the  whole  series.    Heuce  it  was  logically 
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iuferred,  when  once  the  la%v  above  laid  down  respecting  the  ron^olida- 
tion  of  melted  itiatter  Im<l  heen  accepted,  tlint  pvitv  nKHintain  contain- 
ing such  inclined  and  couijjact  layers,  ninst  owe  lus  cunicai  form  almost 
exclusively  to  the  development  of  median it  al  force  everted  at  ihecloee 
of  the  volcanic  operations,  or  after  all  the  alteniating  lavas  and  soorne 
were  heaped  ap.  The  hypothesis  of  a  sudden  and  violent  movement 
was  perhaps  the  more  leadily  embraced,  because  it  relieved  its 
advocates  from  the  necessity  of  making  unlimited  drafts  on  past  Ume, 
thousands  of  centuries  being  required  if  lofly  cones,  like  Mount  Etna, 
arc  to  hp  built  up  by  successive  eniptions  of  ordinary  intensity.  The 
magnitude  also  of  certain  craters  or  '*  ealderas  "  (implying,  probably, 
one  or  more  great  ex])lo.sions,  followed  by  atpieous  erosion),  and  the 
occasional  steepness  of  the  dips  of  certain  la\  as,  beyond  that  which  is 
found  on  the  flanks  of  ordinary  cones,  (many  of  which  might  have  been 
assisned  to  local  dislocation,)  afibrded  additional  arguments  in  favour 
of  the  new  hypothesis.  The  lecturer  then  gave  a  rapid  review  of  the 
controversy  respecting  "  craters  of  elevation,*'  stating  the  objections 
made  to  it  by  English  and  Continental  writers,  including  the  late  M. 
Constant  Prevost  ;  and  he  went  on  to  observe  that  the  principal  object 
of  this  discourse  was  to  show  that  the  law  htid  down  by  M.  E.  de 
Beaumont,  and  by  the  late  M.  Dufrenoy,  af>  governing  the  eoolif!*? 
and  solid itication  of  lava  currents,  on  steep  slopes,  has  no  foundation  in 
fact.  Signor  Scacchi  had  already,  in  1 8«3o,  seen  and  described  a  com- 
pact stony  lava  which  In  that  year  had  flowed  down  the  flanks  of 
Yesovias  from  near  the  marnn  of  the  great  crater  to  the  base  of  the 
cone  in  tiie  Atrio  del  CSbvaUo,  having  a  thickness  of  from  1^  in  the 
upper  to  4^  in  its  lower  part,  and  dipping  at  angles  varying  from 
32*  to  38".  The  interior  of  this  current  was  laid  open  to  view  by  a 
rare  accident,  namely,  the  sinking  down  in  the  same  year  (1855)  of  a 
certain  ]>ortion  of  the  north  flank  of  the  cone,  whereby  one  side  of  the 
new  lava  stream  was  engidfed,  and  a  section  of  the  remainder  rendered 
visibla  Although  this  current  had  cooled  on  an  average  declivity  of 
35",  it  was  as  compact  and  as  free  from  vesicles  as  many  lavas  which  have 
coomled  on  level  ground  at  the  foot  of  Vesuvius.* 

The  first  ezemplificatioii  of  a  similarly  inclined  stony  lava  of  known 
dale  on  Mount  Etna,  described  by  the  lecturer,  and  of  which  a  pictorial 
representation  was  given,  occurs  in  a  ravine  called  the  Cava  Grande^ 
near  Milo,  about  17  miles  north  of  Catania,  and  7  from  the  sea, 
above  the  level  of  which  it  is  elevated  about  2000  feet.  A  brancli  of 
the  lava-current  of  1689  descending  trom  liie  \'n1  del  Rove,  cascaiU  il 
over  the  right  bank  of  that  ravine  220  feet  high,  and  un  cooling,  formed 
a  tabular  mass  more  than  16  feet  in  thickness,  inclined  at  an  average 
angle  of  about  35%  and  concealing  the  face  of  the  precipice  for  a  width 
of  about  400  feet.  The  internal  structure  of  this  new  lava  has  been 
exposed  to  view  by  the  falling  down  and  partial  removal  of  its  scoria* 


*  This  section,  seen  by  Signor  Scaechi  io  1855,  was  looked  Ifar  by  Sir  C  Lyell, 
in  company  with  Signer  Scacchi  in  1857,  and  found  to  t>c  totally  buried  sad  COO- 
cssled  by  the  Ietss  poured  oat  in  the  early  part  of  tliat  year. 
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ceous  emit  on  the  left  tide;  a  femoval  canted  by  the  aoinial  watte  of 

the  steep  bank  of  the  ravine  produced  by  the  action  of  ndo,  and  the 
torrent  which  flows  at  the  bottoni.  The  ravine  intersects  alternatiDg 
bed*5  of  tuff,  scoria,  arul  Ifwa,  sliirlitl}'  inclined  to  the  cn-^t,  or  seawards, 
being  a  series  of  the  older  products  of"  Etna.  This  new  and  steeply 
inclined  lava  consists  of  three  parallel  layers,  an  upper  fragmentary 
and  wioriaceous  mai>s  about  8  I'eet  thick  ;  a  central  stony  layer,  5  feet 
thick ;  and  a  lower  bed  coofflsting  of  thin  strata  of  fragmentary  scoriae, 
In  all  three  feet  thick,  but  the  bottom  part  of  which  it  not  viribte. 
The  compact  central  portion  it  a  dolerite  or  trachi-dolerite,  containing 
ciyttals  of  feltpar  with  some  olivine,  and  is  of  the  ordinary  tpecific 
gravity  of  trap.  It  is  divided  by  inints.  9  or  10  feet  apart,  to  that 
among  the  fragments  detached  l)v  <1<  uudation,  and  strewed  over  the 
8loj)i)ig  bank  and  bottom  of  the  ravine,  are  angular  masses  of  huge 
t*ize,  with  a  fracture  like  that  of  many  ancient  igneous  rocks.  The 
uurinai  thickness  of  this  bed  of  compact  dolerite  is  5  feci,  where  it 
dips  at  32"  and  35°,  but  near  tiie  top  where  it  tirt^t  enters  the  ravine, 
and  where  the  inclination  increatet  to  45*"  and  47°,  the  tfaldmett  k 
redaeed  to  one-half  or  2^  feet ;  yet  when  dii)plng  at  47%  it  it  ttill  not 
only  stony  and  compaet,  bat  there  is  no  breach  whatever  of  continuity 
in  the  mass,  and  not  more  joints  than  in  the  lett  inclined  portion. 
This  branch  of  the  lava  of  1689,  which  has  given  a  new  facing  to  part 
of  the  right  bank  of  the  Cava  Grande,  exhibits  but  slight  inequalities 
on  its  surface,  aj)pearing  almost  even  when  contrasted  with  the  main 
current  of  the  same  date,  from  the  surface  of  which  many  parallel  and 
longitudinal  ridges  project  proniiiitnlly,  sometimes  40  feet  above  their 
base,  and  with  very  tteep  sides  sloping  at  angles  of  from  35*"  to  70". 
The  dip  of  the  main  current  it  between  10^  and  16*  eatt.  From  thit 
and  other  ezamplet,  It  it  inferred  that  wherever  the  tiopet  are  ex- 
oettive  (between  25,'*  and  45'')  the  surfaces  of  the  cooling  lavas  are 
lett  rogi^  than  where  the  mdted  matter  hat  congealed  on  more  level 
gronnd. 

Allusion  was  next  made  to  •'omc  lavas  which  have  cascaded  over 
sea-cliffs  oOO  feet  high,  between  Aci  iieale  and  Santa  Tecla.  One  of 
these  at  a  place  called  the  Scalazza  of  Aci  Heale,  exhibits  a  longitu- 
dinal section  of  a  tabular  mass  of  stony  rock  20  feet  thick,  inclined  at 
angles  of  28*  and  29%  wliich  it  connecteid  uninterruptedly  with  the  main 
body  of  the  tame  lava  retting  on  IJie  gently  sloping  platform  above, 
of  which  the  seardiff  it  the  abrupt  termination.  The  above-mentioned 
li^ly  inclined  stony  lava  is  covered  as  usual  by  a  parallel  layer  of 
scoriae  (in  this  c^ise  12  feet  thiclk,)  and  itt  bate  contbtt  of  another  bed 
of  tcori«  of  slight  thickness. 

Several  other  sections  of  modern  lavas  of  Etna,  which  have  not 
been  disturbed  in  their  position  since  the  day  of  their  formation,  and 
which  are  inclined  at  angles  exceeding  30"  were  llieti  enumerated. 
For  a  detailed  account  of  those,  reference  was  given  to  a  paper  by  the 
lecturer,  recently  published  in  the  PkUotophiuial  Tramaietiom  (Part 
2  for  1858«  p.  703).  Among  them  it  a  current,  inclined  at  occur- 
ring in  the  Cava  Secca,  a  deep  valley  near  Zafionana  $  and  another 
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reposing  on  the  face  of  the  great  precipice  at  the  head  of  the  Val  del 
Bove,  under  the  sunk  space  oilled  The  Cbterna.'*  This  remarkable 
current  has  a  mean  inctination  of  and  the  central  stony  layer  ia 
seven  feet  thick.  Above  and  below  are  jNoallel  overlying  and 
underlying  masses  of  aoorin  five  and  seven  feet  thick  respecHvdj. 
The  flanks  of  the  stream  have  been  undermined  and  denuded  by  that 
constant  waste  which  makes  the  innumerable  dikes  to  stand  out  in 
relief  on  all  the  precipices  mirrounding  the  Val  del  Bove.  Perhaps, 
niso,  in  this  instance,  tlie  lateral  rxravation  of  tlie  lava  may  have  boon 
assisted  by  a  rush  of  water  like  that  of  175.5,  commonly  called 
Recnpero*8  flood,  which  descended  tlie  same  precipice,  the  "  lialzo  di 
Trifoglietto.**  Suggestions  were  then  offered  on  ilie  probable  cause  of 
that  singular  inundation,  which  swept  in  a  few  hours  from  near  the 
summit  of  £tna  through  the  Val  del  Bove  to  the  sea.  The  Canon 
Beeupero  traced  its  course,  a  few  months  after  the  event,  by  following 
the  line  of  sand  and  boulden  which  it  had  left  in  its  track ;  and  calcu- 
lated that  the  volume  of  water  was  so  great,  that,  had  all  the  snows  of 
the  top  of  Etna  been  melted  instantaneously,  they  could  not  have  fur- 
nished enough  water  for  such  a  deluge.  Hp.  therefore,  concluded 
that  the  water  was  vomited  forth  from  the  suniniit-erater  itself.  Sir 
C.  Ly<'n  conjectures  that  there  may  have  been  masses  of  ice  in  the 
cone  during  the  eruption  which  is  recorded  to  iiave  accompanied  the 
flood  of  IToo,  and  the  ice  may  have  been  suddenly  melted  by  hut 
vapours  and  injected  lava.  In  support  of  this  hypothesis,  he  mentioned 
his  having  ascertained  the  continued  existence,  in  1858,  of  the  same 
glacier  wUcb  was  alluded  to  by  him,  in  the  first  edition  of  his  Prm* 
cipleg  of  Geolo^,  as  occurring  at  the  base  of  the  cone,  and  which  had 
been  quarried  before  1828.  This  mass  of  ice  the  Catanians  again 
quarried,  four  years  ago,  to  a  depth  of  four  feet,  without  reaching  the 
bottom.  It  is  covered  by  ten  feet  of  volcanic  sand,  and  this  again  by 
lava.  Tlie  t.ilp  of  the  mountaineers,  who  jissnred  Kecnpero  that  the 
water  of  tlu  ihrnd  of  1755  was  hot, may  Iiave  been  correct,  if  the  origin 
here  assigned  to  it  be  true. 

Some  account  was  next  given  of  the  lavas  of  18o2-53.  which  were 
still  hot,  and  emitting  columns  of  vapour  at  the  time  of  Sir  C.  jLyell's 
last  visit.  They  were  more  voluminous,  perhaps,  than  any  ever  poured 
forth  iiom  Etna  in  historical  times,  except  those  of  16G9,  which  over- 
flowed a  great  part  of  the  ciiy  of  Catania.  The  narrative  of  the  people 
of  Zafarana,  of  the  manner  in  which  tlie  frontal  wall  of  lava,  90  feet 
high,  and  inclined  at  an  angle  of  37",  had  crept  slowly  over  green  pas> 
tures  and  vineyards,  .oifl  overwhelmed  Iiabitations  in  the  suburbs  of 
that  town,  reminded  Sir  CharU^s  of  similar  trilos  whicli  he  liad  listened 
to  seven  wei  ks  before  in  the  Alpine  vullev  of  Z(  rmritt.  wliere  the  ^reat 
glacier  had  >  in  the  preceding  spring,  been  pushing  on  wards  with  irresisi  ible 
force,  ail  equally  steep  mound  of  stony  fragments,  forming  the  frontal 
moraine  by  which  ^reen  meadows,  gardens,  and  chalets  had  been  over- 
whelmed. A  descnptton  was  then  given  of  the  changes  brought  about 
by  the  lavas  of  1852*58  in  the  scenenr  of  the  Val  del  Bove,  and  in  that 
of  the  lower  Valley  of  Calanna,  in  the  interval  since  1828,  when 


Digitized  by  Google 


18^.] 


on  the  Conkal  Farm  if  Voleanou, 


129 


leetarer  first  Tiaited  Etna.  These  changes  ;ire  very  striking ;  the  fresh 
currents  having  run  from  the  head  of  the  Val  del  Bove  both  in  a  north-east 

and  in  a  south- east  direction  for  ii  distance  of  six  mi](^.  with  a  breadth  in 
each  case  of  two  miles,  and  h;iving  been  piled  up  one  over  tlie  other  in 
some  phices  (as  at  the  I'urtclla  of  CahuniM)  toadepth  of  more  than  100 
feet.  The  longitudinal  and  uenrly  parallel  ridges  on  the  surface  of 
this  new  lava  field  are  from  20  to  70  feet  high  ;  and  there  is  now  a 
Mack  and  moDotonoua  wilderness  in  many  places,  where,  in  1828;  there 
weie  verdant  forests. 

One  branch  of  this  lava  of  1852  cascaded  over  a  predpitoos 
declivity  500  feet  high,  at  the  head  of  the  Valley  of  Calanna,  and  con- 
solidated at  angles  of  3.5",  45°,  and  even  49°.  The  scoriaceous  crust 
having  been  partially  washed  off",  the  surface  of  a  continuous  crystalline 
and  stony  mass  is  exposed  to  view,  only  inodcrately  vesicular,  and 
having  the  steep  inclinations  above  allud*  <i  to.  This  same 
current  re^ts  on  an  older  une,  that  of  1819,  which  passed  down 
the  same  steep  diff,  and  which  lias  at  some  points  a  dip  of  more 
than  40*. 

The  structure  of  the  nucleus  of  Etna,  or  of  the  oldest  vuible  part 
of  the  Tolcano,  as  shown  in  sections  in  the  Val  del  Bove,  was  next 
treated  of,  and  the  doctrine  of  a  double  axis  of  eruption  deduced  from 
the  varyinr^  dip  of  the  beds.  The  oldest  of  t!iese  beds,  oomp^ed  of 
trachyte  and  traciiytic  tutf  at  tlie  base  of  the  lofty  precipices  at  the 
head  of  the  Val  del  liove,  are  inclined  at  angles  of  20*10  30*  to  the 
north-west,  or  towards  the  present  great  central  axis  of  eruption. 
Other  similar  beds,  two  miles  to  the  soutb-^t,  in  the  hill  of  Zocoolaro, 
dip  in  an  opposite  direction  ;  while  in  the  north  and  sooth  esesrpments 
of  the  Val  del  Bove,  the  dips  are  north-east  and  soath*east  respee* 
tively.  On  the  whole,  there  is  a  qufiquftversal  dip  away  from  some 
point  situated  in  the  centre  of  the  area  called  tiie  Piano  di  Trifoglietto, 
Here  a  permaneTit  n\U  of  ernption  seems  to  have  existed  for  ages  in 
i\w  earlier  history  of  Kina,  for  which  the  name  of  the  axis  of  Trifoglietto 
is  jnoiiosed  ;  while  the  modern  centre  of  eruption,  that  now  in  activity, 
may  be  called  the  axis  of  Mongibello.  The  two  axes,  which  are  three 
miles  distant  the  one  from  the  other,  were  illustrated  by  an  ideal  sec- 
tion through  the  wliole  of  Etna,  passing  from  west  to  esst  through 
tiie  Val  del  Bove,  or  from  Bronte  to  Za&rana.*  Touching  the  relative 
age  of  the  two  cones, it  is  suggested  Uiat  the  upper  portion  only  of  that 
of  Mongibello  may  be  newer  than  the  cone  of  Trifoglietto.  The 
latter,  when  it  became  dormant,  was  entirely  overwhelmed  and 
buried  under  the  upper  and  more  modern  lavas  of  the  greater  cone. 
This  doctrine  of  two  centres,  originally  hinted  at  by  the  late  Mario 
Gemmellaro,  had  been  worked  out  (unknown  to  Sir  C.  Lyell  at  the 
time  oi  iiis  visit  iu  18o7)  by  Baron  Sartorius  von  Waltershausen, 
and  has  been  since  supported  m  the  fifth  and  sixth  parts  of  his  great 
woric,  called    The  Atlas  of  Etna,**  both  by  arguments  founded  on 
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the  quliquaversal  dip  of  the  beds  as  above  explained,  and  by  the  con- 
vcrponce  of  a  certain  class  of  greenstone  dikes  towards  the  axis  of 
'JVifuglietto.  Von  Waltershauseu  has  also  sliown  tliat  the  lava*?  and 
volcnnic  formations  in  the  middle  of  the  precipices  at  the  head  of  the 
\  ul  del  Buve,  from  the  Serra  Giaiuucula  to  the  Kocca  del  Corvo 
inclusive,  are  horizontal  and  unconformable  to  the  highly  inclined  beds 
in  the  lower  half  of  the  same  precipice ;  or  where  some  of  the  aaperiOT 
beds  are  inclined,  they  dtp  in  such  directions  as  woold  imply  that  they 
slope  away  from  the  hi^lier  parts  of  ]Mongibello.  All  these  &cts  were 
lully  confirmed  by  Sir  0.  Lyell  in  his  explorations  of  theae  lofty  pre- 
dfnces  in  1857  and  1858. 

The  double  axis  of  Etna  was  then  compared  to  the  twofold  axis  of 
the  volcanic  island  of  Madeira,  as  observed  by  Mr.  G.  Ilartung,  and 
the  lecturer,  in  1853-54  ;  and  it  xs  obi»erved  tluit  the  admission  oi  tiiLs 
theory  is  entirely  adverse  to  the  hypothesis  of  craters  of  elevation,  for 
U  implies  that  the  force  of  upheaval  plays  no  more  than  a  subordinate 
part  m  the  cone^naking  proce§8.  Although  one  oone  of  eruption  may 
oivelope  and  bury  an  adjoining  cone  of  eruption  ;  it  is  obviously  impos- 
sible that  one  cone  of  upheaval  should  nuuitle  round  aud  overwhelm 
another  cone  of  upheaval. 

It  is,  howt  ver,  conceded  that  in  some  parts  of  the  central  nucleus 
of  Eitoa,  there  are  lavas  which  di})  nt  higher  angles  than  ciin  with  any 
probability  be  ascribed  to  the  original  steepness  of  the  sloping  tlanks  of 
an  active  cone.  Some  uf  these  instances  are  regarded  as  exceptional, 
and  due  to  local  disturbance;  others  may  be  connected  with  the 
abundance  of  fissures,  often  of  great  width,  which  have  been  filled  with 
lava  in  the  central  nucleus  of  the  mountain,  forming  dikes  whidi  are 
much  less  frequent  and  sometimes  entirely  wanting  at  points  remote 
from  the  centre.  The  injection  of  so  much  liquid  matter  into  count- 
less rents  may  imply  the  gradual  tumefaction  nnd  distension  of  the  vol- 
canic mass,  and  may  have  been  attended  by  tiie  tilting  of  the  }>efls, 
causing  them  to  slope  away  at  steeper  angles  than  before,  IVoai  the 
axis  of  eruption.  But  instead  ui  ascribing  lu  this  mechanical  force,  m 
Biany  have  done^  nearly  all,  or  about  fiiur-fifthB  of  the  whole  dip, 
Sir  C.  Lyell  considers  that  about  one-fifth  may,  with  more  proba- 
bility, be  assigned  as  the  effect  of  such  movements. 

The  alleged  parallelism  and  uniformity  of  thickness  in  the  volcanic 
beds  of  the  Val  del  Bove,  when  traced  over  wide  areas,  was  next  con- 
sidered ;  and  the  lecturer  remarked  that  neither  in  the  northern  nor 
southern  escarpments  of  the  prrat  valley,  eould  he  verify  tlie  existence 
of  such  paralleiism.  Drawings  exemplifying  a  marked  deviation 
from  it  were  exhibit^ ;  these  views  being  taken  from  the  northern 
and  southern  clifik  of  the  Val  del  Bove. 

The  disoovery  that  lava  is  capable  of  foiming  conttnuons  and 
tabular  masses  of  crystalline  rock  on  steep  slopes,  often  'exceeding  SCT, 
enables  us  henceforth  to  dispense  with  that  paroxysmal  and  terminal 
upheaval,  which  the  advocates  of  "  craters  of  elevation  "  legitimately  in- 
ferred from  their  premises,  for  it  wa^  as  iiec<>s>;arv  fftr  them,  so  long  as 
the  volcanic  beds  were  assumed  to  liave  been  origitialiy  horizontal,  to 
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ascribe  the  wbole  elevation  to  a  force  acting  from  below,  as  it  would  have 

been  if  the  uppermost  layers  of  each  volcanic  mountain  could  be  ai^sumed 
to  be  of  inariiio  origin.  In  opposition  to  such  a  doctrine,  Sir  C  Lyell 
maintains  that  mechanical  force  has  nowhere  played  such  a  dominant 
part  in  the  cone-making  process  as  to  warrmit  our  applying  any  other 
term  save  tliat  of  "  cones  of  eruption  '  to  volcanic  mountains  in 
general. 

In  conclusion,  the  lecturer  gave  a  brief  sketch  of  theeeries  of  geolo- 
gical events  whidi  he  supposed  to  have  occurred  on  the  site  of  Etna 
since  the  time  of  the  earliest  eruptions,  events  which  may  have  required 
thousands  of  centuries  for  their  development.    The  first  eruptions  are 

believed  to  have  beeii  subnmrine,  occurrnip' ]>robably  in  a  bay  of  the 
sea,  which  wi\i>  gradually  (  (inverted  into  laud  by  the  outjxjuring  of  lava 
and  scoriae,  a^j  well  as  by  a  slow  and  simultaneous  upheaval  of  the 
whole  territory.  The  basalts,  and  oUier  igneous  products  of  the 
Cyclopean  Islands  were  formed  contemporaneously  in  the  same  sea,  the 
molltisoons  fiiuna  of  which  approached  very  near  to  that  now  inhabiting 
the  Mcditeiianean ;  so  mudi  so,  that  about  nineteen-twentieths  of  the 
fossil  species  of  the  sub-£tnean  tertiary  strata  still  live  in  the  adjoin* 
ing  seas*  Hence,  as  that  part  of  Etna  which  is  of  subaeiial  origin  is 
newer  than  sucli  fossils,  the  age  of  the  mountain  is  proved  to  be, 
geologically  speak  lug.  extr(in«  ly  modern.  During  the  period  when 
the  volcano  was  slowly  built  up.  a  movement  of  upheaval  was  gradually 
converting  tracts  of  the  neighbouring  bed  of  the  sea  into  land,  and 
causine  the  oldest  volcanic  and  associated  sedimentary  strata  to  rise, 
until  mey  reached  eventually,  a  height  1200  feet  (and  perfaaiMi  more) 
above  the  sea4evel.  At  the  same  time  the  old  ooast-line,  together  with  the 
alluvial  deposits  of  rivers,  was  upraised,  and  inland  cliffs  and  terraces 
formed  at  successive  heights.  The  remains  of  elejihants,  and  other 
quadrupeds,  some  of  extinct  species,  are  found  in  these  old  and  up- 
raised alluviums.  Fossil  leaves  of  terrestrial  plants  also,  such  as  the 
laurel,  myrtle,  and  ]>istachio,  of  species  indigenous  to  Sicily,  have  been 
detecte*!  in  the  oldest  subaerial  tuffs.  At  first  the  cone  of  Trifoglietto, 
and  probably  the  lower  part  of  the  cone  of  Mongibello,  was  built  up  ;  still 
later  the  cone  last-mentioned,  becoming  the  sole  centre  of  activity,  over- 
whelmed the  eastern  cone,  and  finally  underwent  in  itself  various  trans* 
fermations,  including  the  truncation  of  its  summit,  and  the  formation 
of  the  Yal  del  Bove  on  its  eastern  flank.  Lastly,  the  phase  of  lateral 
emptions  began,  which  still  continues  in  full  vigour. 
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ANNUAL  HEBTING, 

Monday,  May  2,  1859. 

WlULlAM  ToL-i:,  M.A.  ir.R.S.  Treasurer  aiid  Vice-president, 

in  the  Chair. 

The  Anoual  Report  of  the  Committee  of  Visitors  was  read,  and 
adopted. 

The  statement  of  Sums  Received  shows  a  steady  and  gradual 
increase  in  the  yearly  income.  The  amoant  of  Annual  Contributions 
of  Members  and  Subscribers  in  1858  amounted  to  £2109.  9f,  Od., 
being  more  than  liad  been  received  in  any  })revious  yenr  ;  the  Receipts 
from  8ubscri])tioiis  to  Lectures  were  £739.  14*.  (Sd,  The  total  Annual 
Income  amounied  to  £5060,  8s,  8d. 

On  December  8  It  1858,  the  Funded  Property  was  £25,831.  U.  Sd, ; 
and  the  Balance  £927,  with  Six  Exchequer  Bills  of  £100  each.  There 
were  no  Jjiabilities* 

A  Li«»t  of  Books  Presented  nt  c(inij(anieQ  tlie  Report,  amounting 
in  number  to  132  volumes;  making,  with  ihose  purchased  by  the 
Mana<^r8  and  Patrons,  a  total  of  712  volumes  (iucluding  Periodicals) 
added  to  the  Library  in  the  year. 

Thanks  were  voted  to  the  President,  Treasurer,  and  Seeretaty, 
and  to  the  Committees  of  Managers  and  VisitoffB,  for  th^  senrioes  to 
the  Institution  during  the  past  year. 

The  following  (gentlemen  were  unanimously  elected  as  Utiicens 
for  tiie  ensuing  year  : — 

PassiDEMT— The  Duke  of  Northumberland,  K.G.  F.B.S. 
TBEASirBBR— William  Pole,  Esq.  M.A.  F.B.S. 
Sbcbstaby — Be7.  John  Barlow,  MJL  F.B.S. 


IfARaasBS. 


John  J.  Bigriyy,  M.D.  P.G.S. 

Sir  Benjamin    Collins  Brodle,  But. 

D  C  L.  Prefsidf-nt  K.S. 
tximund  lieckcti  Dcnison,  Esq.  Q.C. 
Col.  George  Everc  st.  I  .K.S. 
SirCharlef  Hamilton,  Bart.  C  H. 
Sir  H.  UoUaud,  Bt.  M.D.  F.RJS.  F.G.S. 
Henry  Beoee  JobMi  M.D.  F.B^. 


John  Perey,  M.D.  F.B.S. 

Frederick  Pollock,  E^.  MA. 

Lewis  Powell,  M.D. 

Robert  P.  Koupell,  Esq.  M.A.  Q.C. 

Rev.  William  Taylor,  F.BA 

.Tohn  Webster,  M.D.  F.RJ8. 

The  Lord  Wensleydale. 

Col.  Philip  James  Yorke,  P.R.S. 
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Visitors. 

John  Charles  Burgoyne,  Esq.  Thomas  Lee,  Esq. 

Rev  c  harles  Joho  Pynes  Clinton,  MJl.  John  Lnbbock,  &|.  F.R.8. 

C.  Weutuortli  Dilke,  jun.  Esq.  Charles  Lyall,  Esq. 

John  George  Dodson,  Esq.  BLP.  l^Mmuud  Macror\  .  Esq.  M.A. 

William  Gaussen,  Esq.  )   Sii  Edwiu  Peansou,  M.A.  F.li.S. 

Gcfdon  Willooffhby  James  Oyll,  Esq.  Henry  Pemlwrtoo,  &q. 

Alpxamler  IKii(ljMs«in,  M  1)  F.8A.  John  BeU  Sedgwick,  fiwi. 
Richard  Jeouiugs,  Esq.  M.A. 


WEEKLY  EVE^:i^'G  MEETING, 
Friday,  May  (i,  1859. 
Thb  LomD  WsasLEYJUALSy  yioe*Br«8identy  in  the  Chair. 

BOBBRT  DaUITTy  ESQ. 
VBon  or  «u  sotai.  cmuoB  or  rarswiAm,  uimw. 

Tte  speiker  havii^^  alluded  to  the  sickoev,  bereavement,  and  rainooa 

expense  which  sometimes  ensue  from  the  wrong  choice  of  houses  by 
private  individualSf  and  to  the  disorders  liable  to  be  diiTused  amongst 
all  classes,  from  the  unhealthy  dwellings  of  the  poor,  proceeded  to 
C'-rt'^Mer  the  subj<^'t  of  houses  and  their  intiuence  on  health,  under 
thi-ri  heads.  Under  thu  tirst,  he  treated  of  deficiencies  of  air,  light, 
warmth,  and  dr}'ness,  and  of  the  maladies  of  degeneration  to  wliich 
tbey  give  ri^,  of  which  consumptioti  aiid  scrofula  are  types ;  under 
the  second,  he  spoke  of  the  common  typhoid  fever  of  this  country, 
■nd  of  cholerBic  disorders,  and  of  their  origin  in  delisctiye  house 
druoage ;  and  under  the  third,  be  diseussed  the  conditiims  which  give 
inteosity  and  power  of  propegfttion  to  oertain  diseases,  such  as  scarla- 
tioa  and  diphtherite. 

Amongst  the  details  noticed  under  the  first  head,  lie  observed  that 
the  pjoiind  on  which  a  house  is  biiilr  slmnld  have  the  qualities  of  jx)rosity 
and  hnnness;  porosity  is  required  in  order  tli;it  nil  water  t  lKii  g^fHl  with 
orgiiiic  debris,  which  happens  to  penetrate  it,  luuy  i»ass  onwards  and 
undtrgo  that  rapid  oxydation  which  is  so  happily  effected  by  the 
Luodoa  gravel.  Wherever  the  soil  is  deticieut  in  tiiis  quality,  or 
iriiere  beds  of  gravel  or  sand  come  in  contact  with  beds  of  day,  a 
thoroegh  sabaou  drainage  is  as  eisential  for  the  health  of  man,  as  it 
is  for  the  arowth  of  sweet  herbaga  Spots  can  be  pointed  out  in  which 
the  sabsou  is  swampy,  and  where  fever  has  prevailed  in  consequence. 
Moieofer,  the  land  on  which  houses  are  being  built  around  London, 
is  sometimes  raised  artificially  by  what  is  called  made-earth  :  tliat  is  to 
mjf  on  a  low,  wet  spot,  qoite  undrained,  are  heaped  all  sorts  of 
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mbblili,  road  scrapiogi)  mud,  and  refuse,  mixed  with  organic  debris ; 
and  over  this  the  liotises  are  built.  Besides,  the  excavation  of  sweet 
whol««ome  gravel,  and  tlie  filling  in  the  vacuity  with  rubbish,  has  long 
been  prevalent  at  the  west  of  London,  and  was  much  to  be  cou- 
demned  ;  and  an  instance  was  quoted  of  a  house,  whose  rental  was 
£400  per  aunum,  built  over  a  laystall  oi  the  last  ceuiury,  that  in  a 
iiit  where  every  kind  of  Impuritv  was  dMMMited,  and  now  filled  with 
hkeh  mould  mined  with  iheep  booet.  This  euth,  when  dried  and 
analynd,  pelded  10  per  cent,  of  otganio  matteri  and  was  as  UDwliole- 
some  to  build  on  aa  aa  old  churofajanL 

Want  of  firmnew  might  be  remedied  by  a  solid  floor  of  concrete, 
after  the  Roman  manner,  which  would  enable  Jiouses  to  be  built  with 
less  cliance  of  settlements  and  cracks,  which  are  causesof  uiihealthiness, 
not  merely  by  allowing  cold  and  damp  to  enter,  but  by  permitting 
curreutd  of  fetid  air  to  come  from  unknown  and  distant  sources. 
Thin  walls,  too,  render  a  house  not  only  extremely  cold,  but  unwarmable 
in  winter. 

Ftedn^  over  the  groaptng  and  podtion  of  houses,  and  the  width  of 
iftreeiBy  wluch  ought  to  be  regulated  by  the  height  of  the  sun  in  winter, 
we  eome  to  the  internal  arrangements,  and  air  supply.   The  last  may 

be  provided  by  some  special  ventihiting  apparatus;  or  may  be  left  to  tuke 
care  of  itself;  but  even  if  left  to  itself,  it  w  ill  be  priuleiit  to  see  tiiat  the 
liasement  doors,  and  other  chief  apertures,  are  not  near  any  source  of 
contamination  ;  moreover,  great  caution  should  be  exercised  in  roofing 
in  yards  and  areas  with  glass,  as  ia  often  done,  because  the  glass  ma^y 
eover  over  lome  sonvees  of  effluvia^  and  bring  than  into  the  hoiiie. 
Tills  has  been  the  cause  of  ^er. 

The  supply  of  air  to  tim  apartments  should  be  large  ;  diUhsed  and 
not  in  perceptible  draughts;  and  wanned ;  and  should  be  so  conlrived 
as  not  to  attract  attention  :  otherwise  persons  who  are  afraid  of  pure 
air,  especially  servants  aud  the  poor,  will  s]>eedily  close  up  the  aper- 
tures. The  plan  suggested  by  the  Commissioners  on  Warming  and 
Ventilation  was  exhibited,  and  described  as  fnlfilling  most  of  these 
conditions — inasmuch,  as  tlie  air  is  warmed  by  the  heat  otherwise 
wasted  by  the  eUmney,  and  is  intvodueed  in  aseending  currents ;  and 
care  is  taken  that  thm  is  a  channel  of  escape  serrate  firmn  tibe 
ehimney,  and  that  the  upper  part  of  tlie  apartments  should  be  the 
coolest.  Any  plan  for  bringing  currents  of  cold  air  to  the  level  of  the 
feet,  or  of  the  bed,  is  to  be  condemned.  Nothing  can  be  a  better  evidence 
of  the  carelessness  of  our  present  f?y«tpin  of  air-supply  to  houses,  than 
the  fact,  that  much  of  it  comes  down  the  chimneys  when  there  is  no 
fire,  brinfjing'  with  it  abundance  of  soot,  and  many,  possibly  unwhole- 
some, products  uf  imperfect  combustiou  of  orgauic  matter. 

A  nee  supply  of  pure  air  is  the  tine  qua  mm  to  persona  who  lead 
in-d6or  lives ;  inasmoeh  as  the  direct  influence  of  elose  iMdcoom  air  in 
producing  scrofula  and  consumption  has  been  proved  inoontestibly  by 
Carmidiael  of  Dublin  ;  and  later,  by  Dr.  Guy.  But  till  people  have  a 
sufficiency  of  food  and  clothing,  it  is  a  mockery  to  speak  of  pure  air. 
Man's  instinct  chooses  £oulneia  before  huqger ;  when  the  oontaot  of  pore 


Digitized  by  Google 


1859.]  ON  ffamm  im  Btlatim  io  BeML 


185 


mir  with  theinngi,  and  of  pm  wftler  nitb  the  ikiiiy  emtatan  afjietile 
i>r  food  which  be  hao  no  metiis  of  Mtitfying. 

Further  researclies  on  the  composition  of  house  air  are  to  be 
desirt»d.  Tt  is  evident  that  the  amount  of  carbonic  acid  represents  that 
<c^  the  most  voiatiie,  and  pmhably  that  of  the  most  innoxious  jinuluct 
of  the  presence  of  living  beings,  and  C()nstx|ueutly  the  mi/umum  uf 
atmosphenc  impurity.  The  speaker  had  made  several  deteniiinatioud 
whi<Ui  showed  how  rapidly  the  quantity  fluctuated  aoeordiog  to  the 
aoMNinC  of  veDtilatioD  and  tke  itate  of  the  wind.  For  example,  in  a 
amall  room  in  Ka/f  Buildingi,  Biick-alaBety  inhabited  by  two  adulta 
and  three  ehildran — 

V"'. tf  Cnrbonic  Add 
m  10,000  vok.  of  air, 

April  aoth.  Noon i  family  dining     •      .      .      •  13*74 
tf    8^st.    99          n          $t           •      •       *  • 

„  24 til.  Room  emp^,  door  open         •      •      •  9*84 

n    Sdth  Allaiislii   15*97 

„   2 1st.        „   15-10 

n    221x1.        „   U*S7 

Ib  the  Infant  School-room,  Carznn  Schools,  MayfiuT,  fOOOl 

crowdetl,  with  a  witMlow  open  at  i^ch  end  .       .       .  9*4G 

III  a  bedroom,  nnoccupied,  but  with  the  doors  and  wiudows 
doted  all  day,  the  qoantity  fluctuated  between  5  and  7 
TohuBM  per  10,000 

The  list  of  inaladiea  arising  from  cold,  damp,  airless  and  sunless 
dwellings,  is  a  long  one,  and  is  identical  with  the  maladies  caused  by 
banger,  depraved  notrition»  tolitudo,  and  grief ;  moreover,  the  ^ects 
of  dark^  monotonous,  and  decayed  dwellings  upon  the  mind  muat  not 
be  oreilookfldy  Inaemnefa  as  they  prodnoe  a  dtreet  temptation  to  indulge 
in  epirituous  liquors. 

Under  the  second  head,  the  speaker  alluded  to  the  great  number 
of  modes  io  which  a  house  may  receive  poisonous  va{M)nrs  from 
sewers.  If  the  bouse  drainjige  has  not  been  rev  is*  ci  during  the  last 
ten  years,  there  may  probably  be  every  variety  of  imperfect  and  dilapi- 
dated drainage ;  wells  that  once  supplied  a  family  with  water,  may 
have  been  converted  into  dead  weUa  and  receptacles  of  filth ;  and  even 
when  a  houie  pomeeuce  a  perfect  dnunage  system  of  its  own,  it  may  be 
invaded  by  its  neighboon :  or  the  remains  of  old  dndnage  systems 
nay  have  been  left  by  the  careiessness  or  Ignorance  of  workmen. 
Every  pipe,  too,  of  whatever  sort,  may  be  a  means  of  bringing  foul 
nir  from  sewers ;  every  such  appnratus  should,  thort-fore,  be  examined 
from  time  to  time,  and  be  regulated  with  philoso}»hical  precision.  The 
possibilities  were  described  of  the  entrance  of  air  from  the  public 
sewers  into  bouses ;  either  from  stagnation  and  decom^>osition,  or 
through  the  wind  which  at  certain  times  penetrates  the  great  sewers 
ftom  tiie  river ;  then,  wherever  a  sewer  ends  abruptly,  the  gases  are 
sue  Io  be  driven  ont  of  it,  ffaroogh  the  apertures  in  the  streets  made 
Cdt  ventilating  purposes. 

The  eflbots  of  bad  house  drainage,  and  of  sewer  poison,  are  found  in 
the  prevalence  of  ^hoid  fever  and  cholerate  maladien. 

1.2 
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The  great  feven  at  Clapfaam,  Croydon^  Westoiiiister,  and  Windfor, 
Wm  all  of  this  sort,  and  traceable  to  this  cause ;  and  instances  were 

given  of  illness,  year  after  year,  visiting  a  family,  nnd  robbinp;  it  of  one 
or  more  lives :  and  when  too  late,  the  discovery  made  that  an  ancient, 
unknown,  and  decayed  sewer  ran  under  the  premises.  Many  such 
sewers  exist  underground,  not  noticed  in  any  map,  and  unknown  to 
the  present  generation  of  officials ;  serving  only  as  reservoir:*  ui  foul 
gases,  which  find  vent  through  most  unexpected  channels. 

It  is  in  Tain  for  the  physician  to  discuss  remedies,  wliiist  tlie  patient 
ii  still  breathing  the  vapoms  which  caused  the  disease. 

Lastly,  the  property  wliich  diseases  have  of  lurking  in  certain  qoif- 
terSy  and  then  brealung  out  with  virulence,  and  acquiring  a  self- 
propagating  force,  was  ascribed  to  impurity  in  general  and  to  defective 
drainage  in  particular.  Scarlet  fever,  especially,  was  asserted  by  the 
8j)eaker  to  be  cansofl  ab  initio,  ns  well  as  to  receive  power  of  exten- 
sion from  this  source ;  but  the  limits  of  tlie  hour  did  not  perniit  him 
to  develop  the  evidence  ou  this  point.  Thirteen  contagious  maladies, 
at  the  least,  can  be  produced  at  will ;  and  the  speaker  believed  that, 
in  time,  epidemic  diseases  would  be  found  subject  to  human  control ; 
and  that  the  surest  mode  of  protecting  the  dwellings  of  the  rich  was  to 
cleanse  and  Tentilate  the  dwellings  of  the  poor. 

Diagrams  were  exhiluted,  showing  the  mortality  in  seFonl  parts  of 
iSke  parish  of  St.  Geoige,  Hanover-square,  by  which  it  appeared  that, 
out  of 20,000  inliabitants  of  first  and  second  class  streets  there  died  at 
homeyin  the  three  years  1856,  1857,  and  1858,  10-78  per  thousand  per 
annnm  ;  whilst,  in  third  and  fourth  clas<?  streets,  there  died  nf  honu\  in 
those  three  years,  20-  per  thousand  per  annum,  exclusive  of  deaths  in 
hospitals  and  workhouses.  Taking  the  metes  separately,  there  died 
(U  home  15  36  per  thoubiiiid  per  annum. 

The  mortality  and  population  of  several  streets  during  these  years 
was  also  exhibited  in  a  diagram,  whidi  contrasted  the  low  mortali^  of 
purely  aristocratic,  and  ftr^k-dass  businesi  stieeto,  with  that  of  the  nest 
of  low  streets  between  Grosvenor-equare  and  Oxford-street,  wliere, 
owing  to  the  crowded  and  unventUatable  state  of  the  houses,  then 
is  a  mortality  of  30  per  tlioosand  j  a  mortality  enhanced,  of  cooise, 
by  the  deaths  of  the  children  who  are  bom  but  cannot  be  reared  in 
such  liabitations* 
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G£N£EAL  MONTHLY  MEETING, 
Monday,  May  9,  185a 

Tta»  LoBD^WjnnurDAiJB,  Vice-President,  in  the  Chair. 

The  Secretary  annoaDoed  that  H»  Onuse  the  Fieiident  bed 
iKMBiiuiled  the  followuig  Yice-PMideDta  ibr  the  eowung  year 

Sir  B.  C.  Brodie,  Bart.  D.C.L.  Pres.  R.S. 

Sir  lleury  Holland,  Bart  MJ),  F.ILS. 

The  Lord  Wensleydale. 

Cd.  PhiHp  J,  Yofke,  F.R.S. 

Wmiam  Pole,  Esq.  M^.  F.B.S.  Die  Tttasurer. 

The  Bey.  John  Bailow,  M.A.  FJEUS.  Him  Secrttary. 


Charles  Brett,  Esq. 

David  Chapman,  Esq. 

Miss  Geraldine  ClendiniUDg, 

Peter  Dickson,  Esq. 

Flemyng  George  Gyll,  Esq. 

Richard  Coxwell  Rogers,  Esq. 

Charles  AVilliam  Siemens,  Esq.  and 

The  Earl  Stanhope,  D.C.L.  F.R.S.  Pres.  Soc.  Antiq. 

were  duly  decUd  Members  of  the  Royal  Inatitatioii. 

Sir  Thomas  Powell  Baxtoo,  Bart,  and 
Alfi«d  Henriqueiy  Esq. 

were  admiUed  Members  of  the  Royal  Listitution. 

The  following  Professors  were  re-elected  : — 

WiLUAH  Thomas  Bbanoi,  Esq.  D.C.L.  F.B.S.  aa  Hononiy  Flo- 
ftnor  of  Chemietiy. 

JOBV  TnrDAU^  Esq.  F.R.S.  as  Professor  oi  iSatural  Philosophy. 

The  foUowing^  Presfxts  were  announced,  and  the  thanks  of  the 
Members  returned  for  LUe  same  : — 
Fbom 

fht  Lord*  Cmmimkmtn  ^tke  iidbuolly^Capt.  T.  Spratt:  layestigaUon  ofths 
Effect  of  the  Prevailing  Wave-inflaence  on  the  Nile's  Deposits.   fiiL  1869. 
CnwuiOTOiwri  i«  i^BMiqh-Appeodiz  to  Twelfth  Baport.  8vo.  U69. 
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jleliwriVs, ///^/iff/'eo/"— Assurance  Mngazlne,  No.  ."^S.  8?o. 

^iry,  (i.  B.E^i.  F.Ii.S.  Afifrmjnmer-Iioi/fil  [the  Author)— yoXe  on  Oitmann'ft  Cai* 
culation  of  the  Itkrlipse  of  i  hales.    (Mem.  Astron.  Sec.  185d.)  4to. 
Greenwich  Observations.    1857.   4to.  1859. 

Amrrican  Academy  of  Artt  and  SciVncci— Prcx^dingi^   1866^  8vo. 

Anonjfmous — Politi^l  Perils  in  8vo.  1859. 

Arts,  Societjf  q^— Journal  for  April  1859.  8vo. 

Ariatie  Societtf  of  Bemal'^  J cnirmX,  No.  S6S,   Sto.  1859. 

AttronomirnJ  Si-cirtt/,  Komi — Monthly  Notices,  April  1859.  8vo. 

JSacke,  Fr<if  €uor  A.  D»  (the  SttpermLemieAL) — Uuted  States'  Coast  Survey  :  Report 
ftr  1866.  4tOw 

JBsflf,  Jbeo6,  E$q.  M.R.I. — Pharmaoeutical  Journal  for  April  1859.  8to. 
B<y>iteH,  Metttrs.  (tie  Viih!ijilier$)— The  Musical  World  for  April  18ft9.  410. 
British  Architects,  /nslUtffeo^— Proceedings  for  April  1659.  4to. 
Burgoyne,  J,  C.  E»q,  MJtJ.  {the  iliiUor)--Ofaf«iio1ogical  Aooaoat  «f  India, 
leto.  1859. 

Chemical  Snriettf..  Quflrturly  Journal,  No.  45.    8va  1859. 

JMlhe,  C,  W  cHlworthtjun,  Eta.  M.H.I,—^*  Kondot,  Notice  du  Vert  de  Chiue  et 
de  Ia  Temtnre  M  Vert  «An  letChmois:         de  Htaioirei  par  J.  Penos  ct 

A.  F.  Michel.    8vo.    Lyon,  1858. 

N.  Roodot,  Rapport  nn  ?>!ns«'e  d'Art  ct  d'Trdnstrie  li  LjOD*   4tOw  X859w 
Editors — ^The  Medical  Circular  for  Avnl  Iboti.  8vo. 

The  Practical  MechaDic's  Journal  ror  April  1859.  4tlh 

The  .Tournal  of  Cns-lifrhtinff  for  April  1859.  4ta. 

The  Met  hanics'  Mapazine  tor  April  1859.  8T0w 

The  AtheuiBum  fur  Apnl  1859.  4tO. 

The  Engineer  for  April  1859.  lU. 

The  Artiznn  for  April  1&59,  4to. 

The  liorolo^cal  Journal,  No.  9.   8vo.  1859. 

St.  James's  Medley.   No.  17.    Svo.  1859. 
Faraday,  ProfetMr,  D.CM  M.  A.  Munn :  ApplieatioB  d«  I'Etoelrieiti 

h  la  MedeciM.    8vo.  1857. 

Istituto  Veneto  di  Science,  Sec.  Memorie.  Vol.  VIL  Parts  1  e  2.  4to.  1857-8. 

Btfpertonrede  Chimie,  par  C.  Barreswil  und  A.  Wmrtr.   Noi.  6,  7.    8to.  1859. 

Konigliche  Preussischan  Akademle,  Berichte,  Jan.  1859.  8vo. 
Franklin  Imtttfffc  y  f'ejwsylmvia    Journal,  Vol.  XXXVII.  Nos.  3,  4.  8to.  I859l 
Cfeolcgische  Austait,  ^Vum— nJahrbuch :  Jahrgaqg  UL   Nos.  1,  %   8to.  1858. 
Chomeai  Sbctetfy—Prooeedings  for  April  1859.  8vo. 

Quarterly  Journal,  No.  58.   8to.  1859. 
Geohtgical  Surj)ey  of  India^Memmm.   Vol.  T.    Pnrt  2.    Svo.  1858. 
Graham,  Lieut. -Coi.  c/.— Chart  of  ChicagtJ  Harbour  and  Bar.  1857. 
OfmsmSia^  A.  B.  M.D.  FM,S.  MJtJ,  {ih$  ilwfW)— The  Sumbult  %  Vmw 

Asiatic  Remedy.    2nd  Edition.    I2mo.  1859. 
ZitHKan  fibriWy— Proceedings,  Vol.  III.  No.  12.   8vo.  1859. 

Botanical  Supplement,  No.  2.    8vo.  1859. 
jtfbeMr,  S.  J.  M>q.  F.G.S.  (the  Editor )-^Thfs  Geolo^  April  1859. 
Mavry,  M.  F.  /•.«/.  (the  Author)~Ga\cs  in  the  Atlantic — Cnarts. 
Medical  and  Chirurgical  Society,  Uotfal — PnKeed lugs.  Vol.  III.  No.  I.  8vo.  18&9* 
li^ewlon^  Alessrs. — London  Jouniai  t^New  Series)  for  April  1859.  8vo. 
Novello,  Mr.  {the  P»/>/i>Aer)— The  Musical  Timea  for  April  1859.  4to. 
FtUrmam,  A.  Esq.  (the  £</tlor)— Mittheilnn^ren  auf  dem  Cf  nuiUfebiHt  der 

'  Geographic.    1859.   Heft  S,  4.   4to.   Gotha,  1659. 
Photogrophtc  5oct>/jr— Journal,  Nos.  82,  83,  84.    8to.  1859. 

Badcliffe  Trustees,  Oj/brJ— RadeUlb  AfirononiMl  «ad  Meleonlpgiaa  Oiwem- 

tions  in  1857.    8vo.  1859. 
Royal  ^octelif-'Proceedbgs,  No.  34.   8to.  1858. 

Vtnims  nr  Be^Mkrung  da  CfewerfffUims  im  Pmtsen   Jan.  and  Feb.  1859.  4to. 
YaUs,  James,  Esq.  F.R.S.  if.i?./.CljW^irtA0r>^Miidi|gOpentiM€r«bBB(nuM 

in  Britain.    8vo     18:' 9. 
Memorial  oo  Decimal  Weighu.   Sto.  1659. 
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WEEKLY  EVENING  KEETING, 
Friday,  May  13, 1359* 

Sib  H£ifH¥  Holland,  Bart.  M.D.  F.B.S*  Vice-PresideDty 

in  the  Ciiair. 

William  HorKiNs,  Eaf^,  M.A.  LL.D.  F.R.S. 

On  tk9  E4tM9  InUmal  Temperatunt  and  tk»  Tkieknm  of  Us 

SoUdCrugU 

Ip  we  dewend  benentli  tbe  surface  of  the  earth,  and  observe  the 
temperature  at  diHcrent  d<'}iths,  it  is  found  that  within  a  depth  mnging 
from  50  to  SO  feet,  the  temperature  changes  periodically  *beiijg  aff't'cted 
to  that  depth  by  the  heat  which  the  eartli  receiver  irom  the  sun  at 
different  seasons  of  the  year.  The  annual  variation,  howeffer,  becomes 
Iflsi  as  the  depth  increases^  till  at  the  depth  above  mentioiied  it  faeoonies 
imensilile.  At  greater  depths,  the  tempemtare  is  iovariable  at  eaeh 
point,  but  increases  wi^  the  depth,  at  the  rate,  on  an  ayenge^of  1^  (F.), 
for  a  depth  of  betireen  GO  and  70  feet.  The  best  observations  whidi 
have  been  made  on  this  subject  are  those  in  deep  mining  shajfb  and 
deep  artesian  wells;  the  greater  the  depth  the  more  completely  do 
anomfllons  influences  counterbalance  each  other.  The  greatest  depths 
at  which  such  observations  have  been  made  in  Western  Europe,  are  at 
Mookwearmouth  and  Dukinfield  in  this  country;  the  Fuits  de 
GrsDelle,  at  Paris;  Mondorff,  in  the  Duchy  of  Luxeinboure ;  New 
Seltiweric,  in  Westphalia ;  and  at  Geneva*  At  the  lint  two  ptaees  the 
obMrvatioDs  were  made  in  vertical  shalb  of  ooal  mines;  the  depth  of 
the  one  at  Monkweannouth  being  upwards  of  1800  Ibet^  and  that  al 
Dukinfield  upwards  of  2000  feet;  and  in  both  cases  the  observa- 
tion'? were  made  while  the  workmen  were  sinking  the  shafts,  and  with 
every  precaution  against  the  influence  of  any  extnmeoius  causes  which 
might  affect  the  observations.  The  former  gave  an  increase  of  1°  (F.) 
for  every  60  feet  of  depth,  the  latter  for  about  every  72  or  73  feet. 
The  sinking  of  the  Puits  de  GreneUe  was  superintended  by  Arago. 
The  mean  increase  of  temperatare  was  1*  for  every  60  feet  At 
Mondorff  the  boie  was  2400,  being  that  of  an  artesian  well ;  the 
Increase  was  1*  fbr  57  feet.  At  New  Saltxwerk  the  artesian  well, 
penetrating  to  the  depth  of  2100  feet,  giving  an  increase  of  P  (F.)  Ibr 
55  feet.  The  average  of  these  is  very  nearly  1**  for  60  feet.  Nume- 
rous other  ob^r\'ations  are  confirmatory  of  those  results,  though  obser- 
vatiopft  at  ^mnller  depths  present  many  anomalies  indicating  the 
operation  of  locai  causen. 
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If  a  sphere  of  very  large  dimensions,  like  the  earth,  were  heated  iu 
any  degree  and  in  any  manner,  and  were  left  to  cool  in  surroundius 
space,  it  is  shown,  by  acennto  in7«fltigatioii,  that  afUr  a  soffideot  and 
very  great  leagth  of  timo^  the  law  aoeordiDg  to  whieh  the  tomperatnre 
woold  inereaae  Id  desoending  beneath  the  earth'a  fui&oe^  within  depths 
■mall  oompared  with  the  earth's  radius,  would  be— that  ike  increase  of 
temperature  would  be  proportional  to  the  increase  of  dqith.  This 
coincides  with  tlie  observed  law,  if  we  neglect  the  anomalous  irregular 
varifiHons  which  are  found  to  exist  more  or  loss  iu  each  locality.  Now 
according  to  this  law,  the  temperature  at  the  depth  of  6()  or  TO  miles 
would  probably  be  sufficient  to  reduce  to  a  state  of  fusiou  nearly  all  the 
materials  which  constitute  the  earUi's  external  solid  envelope;  and 
hence  it  has  been  concluded,  that  the  earth  probably  consists  of  a  central 
molten  mass,  as  a  fluid  nucleus,  and  an  external  solid  shell,  of  not  more 
tiian  60  or  70  miles  in  thickness :  and  some  ^logists,  desiioQS  of  ren- 
dering the  eondttsion  the  foundation  of  certain  theories,  have  coiisldered 
the  thickness  even  less  than  that  now  mentioned* 

This  conclusion,  however,  rests  on  reasoning  in  which  an  important 
element  is  wanting.  It  involves  the  hypothesis  that  the  conductive 
power  of  the  rocks  which  con'^titntc  the  lower  portions  of  the  earth's 
crust,  is  tlic  same  as  that  of  the  loi  ks  wtiich  form  its  upper  portior?. 
Ttiis  couductive  power  of  any  substnTice  measures  the  facility  with 
which  heat  is  transniitfpd  through  it ;  and  it  is  easily  proved,  by  accu- 
rate investigation,  that  when  tlie  sumo  quantity  of  heat  passes  through 
superimposed  strata  of  different  conductive  powers,  the  increase  of 
depth  corresponding  to  a  given  increase  of  temperature  (as  1^),  is  to 
any  stratum  proportional  to  the  conductive  power.  Consequently,  if 
the  conductive  power  of  the  lower  portions  of  the  earth's  solid  crust  be 
greater  than  that  of  the  thin  upper  portion  of  it  through  which  man  has 
been  able  to  penetrate,  the  depth  to  which  we  must  proceed  to  arrive  at  a 
certain  teinpcrntirrc  (as  that  of  fusion  for  tho  lower  rocks)  will  be  pro- 
portionally greater.  Tlic  prcrisp  nature  of  tlie  rocks  "^i  tun  ted  at  n  fx^vixt 
doptli  cnn  only  be  judged  i»t  liy  analogy  with  those  whic  It  :\te  accessii)ie  to 
us;  but  those  gooh)gists  wlio  adopt  llie  concUisioii  ut  the  extreme  thin- 
ness ot  tiie  earth  s  crust,  will  doubtless  adniit  that  its  inferior  part  must 
be  of  igneous  origin,  and  must  therefore  be  allowed  to  bear  a  certain 
resemblanee  to  i^eous  rocks  on  the  surface  of  the  earth.  Mr,  Hopkins 
bad  recently  msSe  a  great  number  of  experiments  on  the  condnctivs 
powers  of  various  rocks.  That  of  the  softer  ssdimentary  rocks,  which 
are  great  absorbents  of  water,  is  very  much  increased  by  the  qaantity 
of  moisture  they  contain ;  but  taking  chalk,  one  of  the  best  absorbents, 
its  conductive  power,  even  when  saturated,  is  not  half  so  great  as  that 
of  some  of  the  igneous  rocks  on  wliich  Mr.  Hopkins  had  exprrimcntcd. 
Calcareous,  nririlhiceous,  and  siliceous  substances  reduced  to  tine 
powder,  stand,  witli  reference  to  their  coikIik  (ivr  jowors,  in  the  order 
in  which  they  are  now  mentioned,  the  conducliviiy  (d  ihe  first  being 
the  least;  and  when  in  a  compact  stale,  all  that  contributes  to  give  a 
hard  and  crystalline  character  to  the  substance,  and  continuity  to  the 
mass  tlurough  which  the  heat  is  conducted,  increases  the  ooodoetive 
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pov«r*  ThM  eousideratioDs  lead  to  the  oonclution  that  ikm  eoii4iio> 
tiTtty  of  tlie  inferior  portioiis  of  the  aurth't  lolid  craft  moit  be  idimIi 
greater,  and  may  be  very  modi  greater,  ffaan  that  of  tbe  lew  eonaoli* 
dated  and  mere  8ui>erficial  sedimeotaiy  btnls.  Moreover,  the  tempera* 
tm%  of  fusion  of  certain  substances,  as  Mr.  Hopkins  bad  shown  by 
experiment,  is  much  increased  by  great  pressure ;  and  by  analogy  it 
may  b<_'  coueluded,  that  such  would,  at  least  in  some  considerable  decree, 
be  the  case  with  the  nnneral  matter  of  the  eurtin's  crust.  The  clialk  is 
lUat  lonnatiou  in  which  the  most  numerous  and  some  of  thebei>t  obser- 
'Vations  on  terrestrial  temperatures  have  been  made ;  and  it  would  seem 
impossible  to  eoodude  mm  actoal  experiment  and  the  eonaidemtioiie 
aboTO  stated,  that  its  conductive  power  can  exceed  one-third  of  thai  of 
the  inferior  rocks,  and  may  not  improbably  be  a  considerably  smaller 
fraction  of  it.  Now  the  increase  of  depth  in  the  chalk  eoiresponding 
to  an  increase  of  1°  (F.)  is  well  ascertained  to  be  very  nearly  60  feet, 
and  therefore  the  rate  of  increase  in  the  irjferior  rocks  must  probably 
be  at  least  three  times  as  great  as  in  tlie  c  halk,  and  may  be  very  consi- 
derably greater  still.  Hence,  supposing  tliat  the  tliitknes8  of  the  solid 
crust  would  be  about  GO  luiles,  if  the  conductive  power  of  its  lower 
portion  were  equal  to  tliat  of  clialk,  its  actual  thidmess  must  probably 
lie  at  least  about  200  miles,  and  may  be  considerably  greater,  even  if 
we  admit  no  other  source  of  terrestrial  beat  than  the  central  heat  hem 
contemplated. 

There  is  also  another  way  of  investigating  the  thickness  of  the 
earrh*s  cmst,  assuming  the  wliole  terrestrial  mass  to  consist  of  a  fliiid 
nucleus,  inclosed  in  a  solid  envelope.  If  the  earth  were  accurately 
spherical,  instead  of  being  si)heroidal,  its  axis  of  rotation  would  always 
remain  exactly  parallel  to  itself,  on  the  same  principle  as  tliat  on  which 
the  gyroscope  preserves,  in  whatever  position  it  may  be  held,  the 
paraUelism  of  the  axis  about  wldcfa  it  rotates.  But  the  attraction  cf 
the  sun  and  moon  on  the  protuberant  equatorial  portions  of  the  earth's 
mass  causes  a  progressive  change  in  the  pcsttton  of  the  earth's  axis, 
by  virtue  of  which  the  North  Pole,  or  that  point  in  the  heavens  to 
which  the  northern  extremity  of  the  earth's  axis  is  directed,  instead  of 
being  stationarj',  describes  a  circle  ou  the  surface  of  the  heavenly 
sphere  about  a  fixed  poifit  in  it  called  the  pole  of  the  ecliptic  with  a 
radius  of  nearly  23^^.  <  qnal  lo  the  inclination  of  the  equator  to  the 
ecliptic,  or  the  obliquUy.  The  whole  of  this  revolution  i£»  completed 
in  abont  25,000  years ;  but,  as  follows  ftom  wliat  has  just  been  stated, 
without  any  change,  beyond  small  periodical  ones,  in  the  obliquity. 
A  coRCsponding  change  of  position  must  manifestly  take  pbu^  also  m 
the  position  of  the  equinoxes,  which  have  thus  a  motion  along  the 
ecliptic  in  a  direction  opposite  to  that  in  which  the  signs  of  the  zodiac 
are  reckoned,  completing  a  revolution  in  tlie  period  above  mentioned  of 
25,0(X )  \  ears.    It  is  called  the  precession  of  the  equinoxes. 

This  precessional  motion  has  been  completely  accounted  lor  under 
the  hypothesis  of  the  eartli's  entire  solidity,  and  that  of  a  c  ertaiii  law 
according  to  wliicli  the  earth^s  density  increases  in  approaching  its 
centre  I  but  some  years  ago  Mr.  Hopkins  investigated  the  proUem 
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with  the  view  of  ascertaining  how  far  the  observed  amount  of  preces- 
sion might  be  consistent  with  the  existence  of  a  fluid  nvirlens.  The 
result  waii,  that  such  could  only  be  the  case  provided  the  thickness  of 
the  tfolid  shell  were  much  greater  than  that  which,  bb  above  stated,  ham' 
been  aoppoeed  by  manv  geolt^pte.  The  nwnerieal  moll  was,  thftt 
tiie  leut  admunble  thiduiew  of  the  tmut  nraat  be  about  one-fifth  of 
the  earth's  radius ;  but  without  assigniDg  any  great  importauoe  to  ma 
exact  numerical  r^ult,  Mr.  Hopkins  had  a  full  confidence  in  the 
investigation,  as  showing  that  the  thickness  of  the  crust  could  not  be  so 
small  as  200  or  300  miles,  and  consequently  that  no  geological  theory 
can  be  admitted  which  rests  on  the  hypothesis  of  the  crust  being  nearly 
as  tliin  as  it  has  been  frequently  assumed  to  be. 

The  influence  of  the  interior  fluidity  on  flie  precci^slonal  motion 
above  described,  is  due  to  the  difference  between  the  motions  which  iho 
attractioDs  of  the  sun  aud  moon  tend  to  produce  on  a  solid  mass  in  one 
eaae^  and  a  fluid  mass  on  the  other.  It  has  been  recently  stated,  as  aa 
ejection  to  this  inycstigathm,  that  the  interior  fluid  nuus  of  the  earth 
may  more  in  the  same  manner  as  if  it  were  soDd.  The  only  reply 
which  could  be  given  to  such  an  objection  was,  Mr.  Hopkins  conceived, 
that  it  was  mechanically  impossible  that  these  motions  should  be  the 
same,  though  the  resulting  precessional  motion  for  the  solid  crust, 
under  certain  conditions,  to  determined  only  by  tlie  complete  mathe- 
mnticjil  solution  of  tlie  problem,  might  be  the  same  as  if  the  whole  mass 
were  solid.  The  efffH  t  of  the  attractions  of  the  sun  and  moon  also 
depends  on  the  elliiiticity  of  the  inner  surface  of  the  solid  shell  ;  and  it 
has  been  said  that  since  timt  ellipticity  depends  on  the  law  of  the 
earth's  density,  which  can  only  be  imperfectly  known»  no  result  can  be 
depended  on  whidi  involves  that  dlipticity.  This  was  not  a  eomet 
statement  of  the  problem.  It  was  assumed  in  the  solution  referred  to, 
that  the  ellipticity  of  the  inner  surface  would  depend  partly  on  the  law 
of  density,  and  partly  on  the  forms  of  the  isothermal  snrftces.  Mr. 
Hopkins  had  supposed  it  possible,  at  the  time  he  was  engaged  in  this 
investigation,  that  a  surface  of  equal  Rolidity  might  approximate  to  a 
surface  oi  equal  pressure ;  he  has  now  experimental  reasons  for  believ- 
ing that  it  must  approximate  nmcli  more  nearly  to  an  internal  sur^ice 
of  e(^'/a/  temperature.  Now  for  depths  greater,  probably  much  greater, 
than  tliose  which  have  often  been  supposed  to  correspond  to  the  thick- 
ness  of  the  earth's  solid  crust,  there  is  no  doubt  that  the  internal  iso- 
thermal snrlhoes  have  a  greater  ellipticity  than  the  external  surlhee 
Itself;  a  oonduslon  whkm  is  independent  of  the  law  of  denst^. 
Hence,  a  like  conclusion  will  hold  with  reference  to  the  internal 
surface  of  the  shelly  if  it  approximate  sufficiently  to  the  surface,  of 
equal  temperature ;  and  this  is  the  conclusion  most  unfavourable  to  the 
thin  shell  supposed  by  some  geologists.  Restricting  the  interpretation, 
then,  of  Mr.  Hopkins's  results  to  the  cpiestion,  wheiher  the  earth's 
solid  shell  be  as  thin  as  some  geologists  have  supposed,  or  at  least 
several  hundred  miles  in  thickness?  (and  this  is  the  only  question  of 
geological  importance)— Mr.  Hopkins  denied  the  validity  of  either  of 
the  o^ections  above  stated. 
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Thus,  both  the  ihlkU's  of  investigation  which  had  been  described, 
lead  to  like  conclusions  respecting  the  least  thickness  which  can  be 
assigned  to  the  solid  envelope  of  our  globe.    It  must  be  much  greater 

than  geologists  have  frequently  imagLned  it  to  be.   

[W.H.] 
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John  IIaix  Gx.ad8Tone,  Ph.D.  F.R.S.  M.II.I. 
Om  the  Colours  of  Shootmg  JSUars  mud  MtUon* 

All  are  familiar  witli  the  smaller  kinds  of  shooting  stars,  and  most 
have  observed  tho^e  of  a  larger  size  which  bhuot  across  the  sky  like  a 
rocket,  and  burst  perhaps  in  a  shower  of  sparks  ;  manv  persons  also 
bave  been  witnenei  of  the  grander  displays  odled  fire-balls,  or  bolides^ 
and  aoDie  ftw  bave  seen  those  bright  donds  that  bave  oocasioiiallj 
ap[)€ared  and  runed  dom  stones  upon  the  eartb.  It  is  not  cer- 
tain  that  all  these  are  connected  phenomena,  or  that  there  is  a  solid 
nuclctis  to  every  shooting  star :  yet  it  is  impossible  to  draw  any 
exact  line  of  distinction,  and  there  ia  every  g;r;ifintion  between  the 
most  striking  and  the  raost  simple  of  these  appearances.     1  lie  investi- 
gations <jt  scientific  men  have  made  ns  acquainted  with  many  facts 
relating  to  these  bodies :  thus,  their  directiua  is  never  perpendicular  to 
the  eartb,  bat  more  frequently  almost  hoiiaontal,  and  though  they  fly 
from  every  quarter  of  the  heayens,  the  mi^rity  oome  firom  that  part 
lowaids  which  the  earth  is  at  the  time  moving ;  their  yelodty  averages 
aboot  20  miles  per  second ;  their  height  above  the  earth  is,  of  course, 
▼eiy  mioas,  yet  the  more  brilliant  fire-balls  seem  to  begin  their 
lominf»iif5  course  r\t  somewhere  about  40  mile*?  above  \\n  ;  their  size  is 
probably  small  in  all  instances,  although,  from  irradiation,  they  fre- 
quently appear  to  present  a  considerable  diameter ;  they  occur  often  in 
showers :  and  these  showers  liave  been  observed  to  have  au  annual 
periodicity.    At  the  present  time  these  star-showers  occur  generally 
about  August  10  and  Noyember  18,  but  at  the  end  of  the  11th  cen« 
tory  the  most  lemarkable  period  was  April  4;  and  those  wonderful 
people  the  Chinese,  who  have  kept  records  of  showers  of  meteors  doce 
Mardi  Sd,  n.c.  687  (when  Manasseh  was  ruling  over  Jodah,  and 
European  history  scarcdy  ensted)  tell  of  other  periods,  piMnitnent 

amon^  which  is  July  22. 

The  n)ete<>rolites  whicli  fnll  fmm  tlie  sky  are  of  two  sorts;  the 
stony,  consisting  of  silicate  of  magnesia,  with  more  or  lc*s  admixture  of 
lime,  potash,  or  soda  combined  with  silicic  acid  j  and  the  melaliic. 
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OUier  elements  have  also  been  meoUoned  as  found  in  eertain  metoorie 
■tonet.  Thiee  ipeetmene  were  exhibited ;  a  broken  piece  of  silicate 
interspened  with  metal,  w4iich  fell  at  Triguerre,  in  France,  and  a  hnge 
man  of  sttppoaed  meteoric  iron,  the  property  cf  Prof.  Tennant ;  and  a 
fragment  of  a  piece  of  iron  found  in  Mexico,  now  in  the  Hoyal  Insti^ 
tution,  and  wliicby  firom  ita  chonical  eompoaitioiiy  ia  beUered  to  be 
meteor  I  c. 

The  cosmical  theory  is  the  only  one  capable  of  explaining  the 
known  facta  of  these  meteorites,  though  that  is  not  without  its 
difhculties.  It  supposes  that  iii  the  interplanetary  spaces,  at  least  near 
the  eartfa'a  oibit,  there  are  a  vast  number  of  mioate  idid  bodice 
revolving  rouiid  the  eun,  either  linglv  or  in  atreama,  and  that  our 
globe  in  ita  passage  comes  into  collision  with  some  of  these,  or 
pcfiodically  cuta  the  orbit  of  these  streams  of  planetary  dust  The 
small  pieces  of  solid  matter  arc  supposed  to  become  incsndesoent  or 
ignited  by  their  rapid  friction  against  the  air. 

As  to  the  colour  of  meteors,  we  have  much  information  pven  in 
the  lists  of  the  Chinese,  in  those  of  the  Kev.  Baden  ruwtll,  piiblii,heti 
in  tlie  Reports  oi  the  i>riLi:iU  Asj^ociaLiou,  and  in  those  of  M.  Coulvier 
Gravier.  M.  Foev  of  Havaonah  has  taken  the  trouble  of  arranging 
tSi  these  observations  according  to  the  colour,  and  the  month  of 
appearance :  and  the  totals  of  his  tables  form  the  basis  of  the  accom- 
panying table,  in  which  however  a  little  libertv  has  been  taken  with  the 
classification,  all  the  recorded  colours  being  referred  to  the  six  principal 
divisions  of  the  prismatic  spectrum.  htkI  these  combiTiod  with  white, 
and  white  itself.  The  Chinese  colour  observations  are  rut  her  inider, 
and  the  English  rather  above  a  thousand,  but  for  the  sake  of  comparison 
Uicy  liave  jieen  reduced  to  that  proportion. 
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White-Blue  . 

Purple   .   .  « 

White    .   .  . 


5-1 
0*5 
5G-8 
0*6 
0-6 

0-0 

O'O 
0-8 
32-7 
1*0 
S'O 


12-2 

4-  9 
10*5 
14*2 

1-8 
0'« 
0-6 
30-8 

5-  4 
0*5 

18*5 


4 

6 
4 
7 
1 
0 
1 
0 
41 
0 
8 


Total 


100-0 
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The  very  apijareiit  dissimilarities  in  these  three  lists  are  capable  of 
more  or  less  explanation.    The  Cliinese  mention  orange  (or  rather 
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yeUowith  red  and  reddish  yellow)  meteors  in  great  onmben,  but 

these  seem  to  be  balanced  in  a  great  measure  by  the  numerous  observa- 
tions of  red,  pale  red,  and  yellow,  as  wrll  as  oranja^e  in  the  English 
and  French  lists.  It  should  be  reiiienibered  that  tliere  may  be  every 
gradation  from  red  Lhrougii  (nange  to  yellow,  and  it  may  be  fairly 
open  to  doubt  whether  the  iuliubilauts  of  the  Celestial  empire  gazing 
«t  the  eten  one  or  two  thouMod  yean  ago  difltinguuhed  colours  just 
as  their  FVeock  traiulator  would  do.  Again,  the  Chioeie  and  French 
give  white>blae  in  great  numbers ;  but  this  is  endently  the  same  as 
the  JBoglish  blue.  The  English  lists  also  make  numerous  mention  of 
white  meteors,  because  in  Prof.  Powell's  Catalogue  the  fact  of  a 
meteor  being  white  or  eolourless  is  usually  noted,  which  is  not  generally 
tJie  case  with  either  the  French  or  the  Chinese  obsr»rvRtions.  The 
number  of  French  meteors  classified  as  white-blue,  is  swollen  by  many 
described  by  M.  Coulvier  Gravier  as  white  becoming  biuiiih  iu  the 
horizon." 

The  points  of  similarity  in  the  three  Usts  are,  the  small  number  of 
green  meteors — what  thete  are  ocearring  generally  among  those  fire- 
balls that  change  colour ;  the  small  number  of  purple ;  the  absence  of 
brown ;  and  the  £M»t  that  the  large  minority  of  meteors  exhibit  some 

distinctive  colour.  They  may  be  ger^emlly  divided  into  two  groups, 
the  one  blue,  the  other  orange^  incliniag  more  or  less  either  to  red  or 
yellow. 

If  these  app«irance8  are  really  produced  by  the  passage  of  pieces 
of  stoue  or  irou  through  the  earth's  atmosphere  during  its  annual 
oomse  roynd  the  central  orb,  it  Is  very  possible  that  the  stream  of 
little  bodies  that  intersects  our  orbit  at  one  time  of  the  year  may 
differ  in  composition  from  those  that  cut  our  path  at  another  period. 
It  occurred  to  the  speaker  that  this  might  be  evidenced  by  a  difference 
of  colour  during  their  combustion,  and  that  the  monthly  tables  of  M. 
Poey  afforded  the  means  of  dftenninin^  whether  such  was  really  the 
case.  On  examining  the  Cliincsf;  record  it  was  found  that  the  pre- 
vailing colour  of  a  great  shower  of  falling  stars  is  very  rarely  given; 
the  coiuur  observations  are  almost  confined  to  laige  single  meteors; 
and  little  can  ba  observed  beyond  the  Act  that  the  blue  meteors  are 
more  nomeroos  in  comparison  with  the  orange  during  the  months  of 
▲ogoat,  September,  October,  and  November,  than  during  the  rest  of 
the  year.  M.  Poey  has  also  made  Uie  remarkable  observation,  thai 
the  Chinese  meteors  show  a  remarliable  constancy  of  tints  during  a 
\oncf  {K?riod  of  years,  when  an  equally  constant  but  different  scale  of 
colour  prevails,  and  this  for  several  successive  i)<'rlods;"a  tact  that 
may  pebbly  be  due  to  the  change  in  the  periodicai  showers  already 
adverted  to.  If,  however,  we  turn  to  the  monthly  tables  of  the  Eng- 
lish observations,  we  are  at  once  struck  with  the  marked  difference  in 
the  relative  proportions  of  the  difibrent  ooloais.  Thus,  confining 
our  attention  to  the  nM>nths  of  Angust  and  November,  when  the 
great  showers  occur,  we  observe  a  difference  that  cannot  be  attributed 
to  mere  accident.  In  the  following  table  red  and  white-red  have  been 
added  together,  yellow  and  white-yellow^  blue  and  white-blue. 
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August. 

November. 

Eed     •    •    .  • 

49 

S4 

Orange     .    •  . 

8 

S3 

YeUour    •    •  . 

44 

16 

moo  •  •  •  • 

i(;4 

30 

M5 

99 

On  glancing  at  thM  nnmberiy  m  cannot  fidl  to  mnariE,  the  great 
defidencgr  of  oimnge  meteofs  In  August,  and  thdr  oompantiTe 
abondaneo  in  NoTomber,  while  oonTond^  blue  metoon  ooeor  in  great 
riuiiibcrs  doling  August  and  aie  companitiTely  rare  at  the  later  period. 
The  yellow  appear  in  about  average  quantity  in  each  month  as  com- 
pared with  the  whole  year,  but  the  red  exceed  the  av  erage  somewhat 
in  November.  Hence  it  may  be  dt^uced,  thai  at  the  autumnnl  period 
the  meteorites  generally  bum  with  a  red  or  orange  glow,  while  tfiose 
which  cross  our  orbit  about  the  10th  of  August  display  in  coujbui»iiofi 
a  blue  culuur,  and  this  is  in  perfect  accordance  with  what  is  observed 
ou  a  closer  inspection  of  Prof.  Powell's  lists.  The  speaker  stated  that 
last  August  he  had  had  the  good  ftrtone  to  witaeM  these  streamiug 
blue  meteors  pasdng  fim  east  to  west,  and  leaTing  a  phosphoieseeat 
train  in  their  wake. 

Another  &et  of  interest  connected  with  this  subject,  is  the  change 
that  is  frequently  remarked  in  the  colour  of  a  meteor  during  its  passageu 
Thus  the  French  observations  make  repeated  mention  of  falling  stars 
that  changed  from  white  when  overhead,  to  bluish  or  reddish  in  the 
horizon  ;  tVorn  white  they  have  been  also  seen  to  change  to  orange- 
yellow  and  blue-prceii,  to  reddish  and  bluish  with  a  reddish  train ;  aod 
from  yellowish  white  to  orange-yellow  and  greenish-white,  the  meteor 
beiiig  broken  into  several  fragments,  two  of  which  passed  from  wliite  to 
the  colour  of  red-hot  iron.  The  changes  from  orange-ydlcw  to  green, 
.  and  from  vdlow  and  red  to  greenish-yellow  haTcalso  beso  reoorded  by 
M.  Coulvier  Gravier.  The  Chinese  tell  of  the  converse  change  from 
red  to  white^  and  Britidi  observations  record  the  passage  from  blue  to 
red ;  from  blue  to  green,  and  finally  red  ;  from  green  to  crimson  ;  and 
from  green  to  orange  and  red.  The  trains  left  by  meteors  during  their 
flight,  are  usually  of  the  same  colour  as  the  meteors  tliemselves,  but  not 
always  so;  thus  red  meteors  have  sometimes  left  a  blue  luminosity, 
and  conversely  red  sparks  have  frequently  fallen  from  meteors  of  an- 
other colour.  The  Chinese  record  such  iustauces  in  such  terms  as  "at 
the  moment  when  the  globe  of  fire  fell,  a  flame  appeared,  and  a  bcure 
of  litae  red  stars  jumped  out  of  it.** 

On  tnmmg  over  the  British  Assodalion  Catalogaes  we  observe 
many  indications  of  diese  changes  of  colour;  thus,  in  an  accoont  of  a 
meteor  seoi  at  Poena  on  Sept  7»  1847,  we  read : — Before  the  first 
bunting  tiie  meteor  was  of  exceeding  brightness,  of  an  intense  blue 
colour,  and  at  the  instant  of  explosion  it  changed  into  red."  The 
£DUowing  is  nearer  home.  A  fire-ball  is  thus  described  by  an  observer 
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At  Lauibetii ; — Ad  it  brightened  it  di«pia^t»il  tlieiiMj^t  lovt^lj  culours, 
wfaidi  could  btt  £itiiicllj  tneed  to  the  racial  colours  prodooed  by  the 
■in ;  at  one  period  gfeen,  violet  (deep),  pale  fed,  and  their  «flects 
thiongb  tbe  tidn  itnitam  of  clouds  whidi  were  in  its  path  were  moet 
^igeous."  In  a  most  graphic  description,  given  by  a  lady,  of  a 
meteor  that  appeared  over  llampstead,  we  find  tbe  remarkable  statc- 
meot : — It  shot  forth  several  tiery  corn  scat  ions,  aod  viiile  we  were 
gaziug  at  it,  broke  into  an  intensely  radiant  cloud.  .  .  .  It  cast  a 
most  brilliant  light  on  the  houses  there,  brighter  than  moon  light,  and 
unlike  any  light  1  ever  saw.  It  appeared  of  a  blue  tint  ua  Llie  bricks, 
hot  there  was  no  him  light  in  the  cloud  itself.'* 

In  diiwMMiiring  theie  reputed  fiusts  il  is  necesaaiy  to  take  into  account 
certain  ilkuaons  to  which  obsenrers  are  subject  Thus,  at  the  outset, 
there  is  the  diversity  of  names  given  to  the  same  colour  by  different 
persons.  No  two  individuals,  hoircfver  perfect  their  perception  of 
colour,  would  perhaps  agree  in  their  mode  of  namiug  the  colours  of  all 
the  stationar}'  objects  around  them,  how  very  likely  then  would  they  be 
to  disagree  in  naming  the  colour  of  a  light  which  appeared  suddenly 
aiid  unexpectedly  in  the  sky,  and  as  suddenly  di^ppeared !  JSIany 
instanceb  of  this  discrepaucy  might  be  cited  from  the  accounts  of 
observed  meteoia  $  but  the  most  curious  instance  with  which  the  speaker 
was  acquainted  had  occurred  in  the  descriptions  of  the  beautifiil  meteor 
that  travelled  over  England  on  the  12th  of  last  September,  being 
visible  in  the  evening  befbso  even  the  daylight  had  disappeared.  Of 
the  many  eye-witnesses  who  described  tlie  phenomenon  in  the  Times 
newspfiper,  five  mentioned  its  apparent  colour ;  of  whom  P\A.B.  states 
it  to  ii4*ve  been  **  green  at  first N.R.  "green,  surrounded  by  white 
W.  Uowlett,  white;"  and  W.  "  vivid,  whiti.sh  blue;"  while  B.H. 
a&»erLei  tiiat  it  was  priuiruse."  Here,  however,  the  discrepancy  is  so 
great  as  to  lead  us  to  the  conviction  that  the  meteor  of  Sept.  12,  1858, 
was  really  one  of  those  that  change  colour  during  their  passage  through 
cur  atmosphere,  and  thus  present  difihreot  appearances  to  observers  in 
different  places. 

It  is  quite  possible  that  a  meteor  may  emit  rays  which  In  the  aggre-* 
j^te  would  j)rodnce  one  colour,  and  yet  may  Hffect  the  observer  with  a 
sensation  ol  a  diileri  at  colour.   This  may  arise  either  from  absorption^ 
iuteDsity,  or  contra^;!. 

In  illustration  ui  the  effect  of  absorption  Dr.  Gladstone  exhibited 
the  prismatic  spectrum  by  means  of  the  electric  lamp,  and  showed  bow 
certain  glasses  produced  a  sunilar  absorption  of  the  rays  to  that  which 
takes  place  in  Uie  common  phenomena  w  the  red  sun,  or  oiange  moon. 
The  eibct  of  dispersion  was  rendered  visible  by  the  non-transmission  of 
tbe  extreme  blue  and  violet  rays  through  water  into  which  a  little  milk 
had  been  poured.  This  "  sky-blue  "  mixture,  produced  by  a  substance 
itself  colourless,  represented  the  liglit  clouds  and  va^wurs  which  must 
frequently  affect  the  apparent  colour  of  meteors,  and  suggested  a  simple 
explanation  of  the  fact  that  of  the  variable  meteors  obser^  ed  in  the 
misty  skies  of  Eoglaud,  so  mauy  terminate  in  red.  bmuke  has  much 
the  same  effect  on  the  spectrum  as  milk  and  water. 
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In  illuBtrntion  of  the  effect  of  intnisity  in  causing  liglits  artiially 
coloured  to  produee  very  nearly  the  sensation  nf  white,  the  elei-.lric 
light,  from  charcoal  points,  was  exhibited  under  retl  and  blue  glasses, 
when  it  appeared  diu^ing  and  almost  white ;  though  no  wliite  light 
•wtm  really  traonnittfid,  and  such  objects  as  oonunon  paper,  when 
illmnliiated  by  it,  reflected  tbe  colouied  radiance.  This  will  explain 
the  phenomenon  so  frequently  observed  by  M.  Conlvier  Gravier,  of  a 
white  meteor  becoming  bluish  or  reddish  as  it  approached  the  horizon  ; 
and  also  the  paradox  of  an  "  i/itmscl?/  radiant  cloud  "  white  in  itself, 
hilt  thnnving  a  blue  light  on  the  walls  of  houses.  In  t!iese  rases  it 
seems  highly  probable  that  the  iucandcsfpnt  meteors  were  really  emit- 
ting coloured  liglit,  but  that  this  colour  diil  not  become  apparent  till 
the  light  was  reduced  eitiier  by  distance,  or  by  reflection  iroui  other 
objects.  In  a  similar  manner,  tiie  ftet  of  a  yellowish  meteor  becoming 
more  or  less  green  as  it  passes  away  from  the  spectatoFi  so  frequently 
noticed  in  the  Ftench  observations,  may  be  exphuned  by  the  well' 
known  dianges  in  the  chromatic  impressions  prodoced  by  yellow  raya 
according  to  their  intensity. 

Tn  reference  to  the  effect  of  contrast  it  was  remarked|  that  every 
lady  is  aware  of  the  alteration  tliat  may  he  ])r()(]iiced  in  the  apparent 
tint  of  any  article  of  (h  e>s  by  the  juxrajiosiiiun  ot  some  other  bright 
C4)lour;  and  indeed  it  may  be  laid  down  as  a  general  law  that  the 
apparent  colour  of  every  object  is  affected  to  a  greater  or  less  degree 
by  the  oolonrs  of  all  otlier  objects  seen  at  the  ssme  time.  Tliis  renarli 
holds  good  equally  of  self-lmninons  bodies,  as,  for  instance^  tlie  flaoM 
of  a  gas-lamp,  which  assumes  a  rather  bluish  tint  when  the  intensely 
yellow  soda  flame  is  brought  beside  it.  This  also  must  be  a  sonioe  of 
error  in  the  observation*?  of  meteors. 

After  making  due  ailowMiiee  fnr  these  points  of  difficulty  and 
probable  fallacy,  we  may  apprdaeh  the  question — How  far  are  these 
chromatic  phenomena  in  accorJauce  with  the  cosmu  al  t)iei>ry  ?  Were 
pieces  of  iron  to  be  shot  through  our  atmosphere  at  the  rate  of  twenty 
.  miles  per  second,  there  is  good  ground  for  bdieviug  tliat  the  frictioii 
would  make  them  red-hot,  if  not  incandescent  An  iron  wire,  heated  in 
the  galvanic  drenit,  was  observed  by  the  speaker  to  emit  at  first  princi- 
pally orange  and  green  rays,  but  as  the  heat  increases  the  true  red  rays 
are  emitted  in  an  increasing  degree,  till  "bright  redness"  is  attained; 
and  when  combustion  begins  blue  rays  are  also  given  forth,  the  genernl 
impression  l>eing  then  that  of  a  reddish  whiteness.  The  combusiiou 
and  scintillation  both  of  ordinary  and  of  meteoric  iron  were  shown  iu 
several  ways.  The  metallic  masses  which  £Edl  through  the  air  are  never 
composed  solely  of  Iron,  and  it  Is  difficult  to  say  iHitch  metal  or  which 
other  constituent  would  be  the  first  ignited.  NidLcl  in  combostioii 
displays  a  larger  amount  of  green  rays;  sulphur,  as  is  wdl  kmmn, 
burns  with  a  blue,  and  phosphorus  with  a  wUte  flame.  Two 
pieces  of  iron  pyrites,  attached  to  the  wires  of  a  powerful  galvanic 
batter}',  wlien  brought  momentarily  into  contact,  were  ifrnited  with  a 
\'ery  luminous-  flame,  which  exhihitefi  the  characters  (if  both  buniing 
irou  and  sulphur ;  and  on  one  occasion,  when  the  experiment  was  tried, 
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the  lambent  blue  flame  of  the  latter  element  was  visible  for  tome  time 
after  the  eiieait  was  oompletdy  broken,  and  tke  ferruginooe  ecintUla- 
tioDt  had  oeaeed.  The  other  metals  occasionally  found  in  meteorites, 
sooh  as  cobalt,  sine,  or  lead,  will  of  course  bum  with  their  distinct 
flames ;  and  the  silicates,  though  incapable  of  combining  with  oxygen, 
may  give  out  an  intense  light  when  strongly  heated.  Tliis  was  cletnoi!- 
straled  by  placing  the  fragment  of  the  nieteorir  stone  that  Ibll  at 
Triguerre  in  the  oxy-hydro^^fn  blowpipe,  when  it  iM^gan  to  fuse,  and 
be<»me  brilliantly  incandescent.  In  nil  these  observations  on  the 
colours  displayed  by  them  there  in  nuliiiiig  antagonistic  to  the  idea 
that  these  lumlnoos  meteors  are  piodueed,  as  some  have  certainly  been, 
by  the  combustion  of  such  solid  mastes  of  metal  and  stone  as  occasion- 
sfly  strike  the  earth ;  bnt  we  are  not  yet  in  a  condition  to  deduce  its 
compositioa  from  the  colour  of  any  particular  meteor. 

[J.  H.  GO 


WEEKLY  EVENING  MEETING, 

Friday,  May  27,  1859. 

Tbs  Lord  Wbnslb¥1>al£,  Vice-President,  in  the  Chair. 

William  Pknokllit,  Esq.  F.G.S. 
Ojs  ike  Omfinmi  Caoenu  ami  FUtuna  ^  DewmtMft. 

Tbb  limestone  districts  of  Devonshire  abound  in  caverns.  Tliese  are 
of  three  kinds,  chambers,  tunnels,  and  shafb ;  their  walls  being  either 
lined,  angular,  corroded,  or  eroded. 

The  following  caverns  were  briefly  noticed  by  Mr.  Pengelly : — 
the  Pixies'  Hole  at  Chudleigh,  the  Chudleigh  "  Cavern,**  the  Ug- 
brooke  fissures,  the  Ogwell  Cavern,  the  caverns  at  Buckfastleigh, 
Oriia,ton,  Yealmpton,  and  Ansty's  Cove,  near  Torquay  ;  the  celebrated 
Kent's  cavern,  also  near  Torquay  ;  the  Ash  Hole,"  near  Brixham  ;  and 
finally,  the  recently  discovered  cavern  on  Windmill-hill,  Brixham. 

In  November  1837,  some  waste  lands  on  Windmill-hill,  Brixham, 
sold,  when  a  small  piece  was  bought  by  a  dyer  named  Philp, 
who  immediately  commenced  quanying,  with  the  intention  of  building 
upon  it  In  January  1 858,  the  workmen  came  upon  a  hole,  at  first  only 
the  size  of  a  man's  hand,  but  whicli  soon  becaTiie  l^rge  enough  to  per- 
mit ]Vrr.  riiilp  to  enter.  Ho  ji  roe  ceded  as  far  as  tifty  feet,  and  !>rought 
out  bones,  of  wiiich  he  furtliwith  made  an  exhibition,  and  thereby 
aUracted  the  attention  of  local  geologists.  The  cavern  was  speedily 
visited  by  Sir  U.  I.  Murchison,  Drs.  Falconer  and  Percy,  Professor 
Bamsay,  Mr.  Prestwich,  and  other  eminent  geologists.   The  Royal 
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Society  granted  £100  as  a  ooDtribution  towards  the  expense  of  a 

scientific  exploration  of  the  cavern  ;  additional  sums  were  quickly 
subscribod  ;  and  a  committee  was  fonned  to  arrange  and  direct  the 
oourse  of  proceeding. 

Mr.  Pengelly  desoriU  d  the  structure  and  formation  of  the  cavern, 
aud  the  mode  of  exploration  adopted;  and  stated  that  there  liad  heeu 
discovered  in  it  a  very  considerable  number  of  bones  of  aninuds, 
estinet  and  recent  (the  rhinoceros,  ox-tribe,  horse,  cave-bear,  hy»na, 
Ac),  and  also  several  well  marked  specimens  of  the  objects  com- 
monly known  as  "  flint  knives,"  and  which  are  generally  considered  to 
be  of  human  manufacture.  Similar  articles  hSd  also  been  found  in 
Kent's  Cavern,  in  a  corresponding  situation,  namely,  in  the  *'  honi*- 
earth,"  with  the  bones  of  extinct ,and  recent  anin)n1-i.  bcnonth  the  Hoor 
of  stalagmite.  Many  fossils  from  the  Orestou  fissures  were  plac<id  on 
tlie  lecture-table  ;  and  un  the  wall  were  suspended  diagrams  of  the 
ground  plan  of  the  Brixham  cavern,  &c. 

Mr.  Pengelly  briefly  explained  his  views  on  the  probable  origin  of 
caverns  in  general,  and  of  the  Brixham  cave  in  particular :  which  he 
referred  to, — 1st,  The  production  of  a  line  of  fractures ;  2nd,  The 
chemical  action  of  acidulated  water,  through  such  fractures  ;  3rdy 
The  mechanical  action  of  running  water  charged  with  rock  debris, 
Ac 

With  respect  to  the  chronology  of  the  cavern  and  lis  contents,  the 
speaker  referred  to  the  remains  of  the  great  lierlnvora,  as  evidences  of 
the  place  having  had  a  tropical  or  sub-tropical  climate  at  the  tinie  ui 
theae  deposits,  and  considered  that  whatever  was  the  antiquity  of  the 
bone-earth  in  the  cavern,  the  human  period  is  as  ancient.  He  thought 
that  many  lacts  concur  to  suggest  a  re-investigation  of  the  antiquity  of 
the  human  race ;  and  he  also  considered  it  highly  desirable  to  organise 
a  system  for  the  general  exploration  of  caverns. 

In  the  course  of  the  lecture,  Mr.  IVngelly  alluded  to  the  various 
papers  which  had  Ix'cn  published  on  the  Duvonsiiire  caverns,  viz. : 
Mr.  Whidbey's  Descriplion  of  the  Fissures  at  Oreston,  near  Ply- 
mouth, iu  the  Philosoplucal  Transaction  for  1817.  A  paper  on  the 
Yeahnpton  Caverns,  by  Lieut.  Colonel  Mudge,  read  before  the  Geolo- 
gical Society  of  London,  March  23, 1836 ;  Mr.  Austen's  paper  on  the 
Bone  Caverns  of  Devonshhre,  read  before  the  Geological  Society, 
March  25.  1^40  ;  and  the  Rev.  Mr.  M  Gnery*s  "  Cavern  Researches," 
bebg  principally  a  memoir  of  Kent's  Cavern,  which  was  long  sii(^ 
posed  to  bp  lost,  but  recently  discovered  and  published  by  Mr.  Vivian, 
of  Torquay. 


The  followinj?  List  (revised  by  Prcifessor  Owkn  )  of  I'ossil  Mamhaua 
found  iu  the  Dkvoxsiiire  Ca\'^rn8,  was  snspended  on  the  "Wall. 


i^XTIliCT  SP£CIS8. 


Rf.cfnt  Spfhies. 


Rhinolophui   Ftrrum  -  equimum  Great 
Horec-shoe  Bat. 


Ursits  pr  incus. 

UrituH  /tpelttiu — Gieat  Cave  Pear. 

Hjutna  swlfcn  —Cave  llyecna.  j   Sorrx  VHlgaris—  Shrew, 

/mu  ^peMra<--Great  Gave  iion.  I  Meita  taxu»^li»dgier» 
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E*ephag  prtmigenitis — Mammoth. 
■Rhinoteros  tichorinus — Tichorme  Two- 

borned  Rhinooarot. 
Equiisfossills—Yoail  Hone. 
Eqam  jAicidtm. 

AnHtu/ossiiis^Foesil  Am  or  Zebra. 
HippepoUmtu  Mqfor^lsxgit  Ibanl  IDp- 

M^aceron  JdU^arniem — Gigantic  IrMk 
Dwr« 

StTtmaylocerot  i;pe2aiii<'Gigiiitk  voand- 

antlored  Deer. 
CrrvuM  liuckUmdi — Uucklaud's  Deer. 


Ox. 


jPuforlKt  vtt/^ort*— FolMt 
Putorius  ermineus — Stoat. 
Canis  lupus — Wolf. 
Vulpes  vulaaris — Fox. 
F<£lt<»lttt- Wild  Cat. 
Arvu'(Ju  amphibia—  \A'nter  Volc. 
Arvicola  agrestis — ^Field  Vole. 
Arvicola  pratensia — Bank  Vole. 
L^Mit  variabilis— Norway  Hare. 
I^pv^-  —  Rabbit. 

Cervus  ci<pA<w— Ked  Deer. 
Oenwf  larwHliit— Bcin  Deer. 
Oanm  ea|»f«of  k*— Roe  Deer. 


WEEKLY   EVENII^G  MEETING, 

Friduj,  Juiit;  o,  1850. 

8iE  HsiniT  HoiXAVO,  Bakt.  M.D.  F.R.S.  Vice-F^ident, 

in  the  Chair. 

Thomas  H.  Hitxlbt,  Esq.  F.R.S. 

iinffawma  ov  xatdbajl  axnoat ,  oafmrnuan  wernttM,  cm  mam. 
On  the  PertUUtU  Typeu  of  Aninml  Life. 

Ths  fOOOeHiTe  modificatioDB  which  the  views  of  physical  geologists 
have  imdefgone  sinoe  the  infiuocy  of  thdr  science,  with  reg;m  to  the 
mnKmnt  and  the  natore  of  the  changes  which  the  crust  of  the  globe  has 
saffered,  have  all  tended  in  one  direction,  viz.  towards  the  establishment 

of  the  belief,  that  thronijlioiit  that  vast  scrips  (»f  ;?p:o-!  which  was 
occupied  by  the  deposition  of  the  strati  tied  rocks,  and  which  may  be 
called  "  geolosrical  time,"  (to  distinguish  it  frora  the  "  historical 
time**  which  ioliowed,  and  the  "  pre-geological  time,*'  which  pi-e- 
ceded  it)  the  intensity  and  the  character  of  Uie  physical  forces  wliich 
have  bem  in  operation,  have  varied  within  but  narrow  limits ;  so  that^ 
even  in  Stlorian  or  Cambrian  times,  the  aspect  of  physical  nature  must 
have  been  much  what  it  is  now. 

This  onifonnitarian  view  of  telluric  conditions,  so  far  as  geological 
time  is  concerned,  is,  however,  perfec^tly  consistent  witli  the  notion  of  a 
totally  different  state  of  things  in  antecedent  epochs,  and  tlie  strongest 
ad\  f»cate  of  such  "  physical  uiuformity  '*  during  the  time  of  which  we 
have  a  record  might,  witli  perfect  consistency,  hold  the  so-called 
**  nebular  hypothesis,"  or  any  other  view  involving  the  conception  of 
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a  loog  lerieB  of  atates  very  different  from  thitt  which  we  now  hnow,  and 

whose  succession  occupied  pre-geological  time. 

The  doctrine  of  physical  uniformity  and  that  of  physical  progreaion 
are  therefore  perfectly  consistent,  if  we  regard  geological  time  as  having, 
the  same  relation  to  pre-geological  tin)o  as  historical  time  lias  to  it. 

The  accepted  doctrines  of  palaL'oulology  are  by  no  niean^  in 
harmony  witii  these  tendencies  of  physical  geology.  It  is  generally 
believed  that  there  is  a  vast  contrast  between  the  ancient  and  the 
modern  organic  worlds—^it  u  inciCBoiintly  amimed  that  we  are  acqaainted 
with  the  beginning  of  life,  and  with  the  fkrimal  manifettation  or  each  of 
its  typical  rorms :  nor  does  the  fact  tliat  the  discoveries  of  every  year 
oUkra  tiie  holders  of  these  views  to  change  their  ground,  appear  sensibly 
to  anect  the  tenacity  of  their  adhesion. 

Without  at  all  denying  the  considerable  positive  differences  which 
really  exist  between  the  ancient  and  the  modern  forms  of  life,  and 
leaving  tlie  iic^ative  ones  to  be  met  by  the  other  lines  of  argument,  an 
impartial  examination  of  the  facts  revealed  by  palaeontology  seems  to 
show  that  these  differences  and  contrasts  have  been  greatly  exaggerated. 

Thus,  of  some  two  hundred  linown  ordere  of  plants,  not  one  is 
esclttsively  fossil.  Among  animals,  there  is  not  a  single  totally  extinct 
class ;  and  of  the  orders,  at  the  outside  not  more  than  seven  per  cent, 
are  unrepresented  in  the  existing  creation. 

Again,  certain  well  marked  forms  of  living  beings  have  existed 
thron<rh  enormous  epochs,  surviving  not  only  the  changes  of  physical 
Cdiuliiions.  but  persisting  comparatively  unaltered,  while  other  forms 
oi  life  ha.  e  aj)peared  and  disappeared.  Such  forms  may  be  termed 
persistent  types"  ol  life  ;  and  examples  of  them  are  abundant  enough 
in  both  the  animal  and  the  vegetable  worlds. 

Among  plants,  for  instance,  ferns,  club  mosses,  and  Cumferm^  acme 
of  them  apparently  generically  identical  with  those  now  living,  are 
met  with  as  far  badt.  as  the  carboniferous  epoch ;  the  cone  of  the  oolitic 
ArOMcaria  is  hardly  distinguishable  from  that  of  existing  species ;  a 
8j>ecies  of  Phiffs  has  been  discovered  in  the  Purbccks.  and  a  walnut 
(JugUuis)  in  the  (r  eta  ceo  us  rocks.*  All  these  are  types  of  vegetable 
structure,  abiumding  at  the  present  day  :  and  surely  it  is  a  most 
remarkable  tact  to  hud  them  persisting  with  so  little  change  tlirough 
such  vast  epochs. 

Every  subkingdom  of  animals  yields  instances  of  the  same  Idnd. 
The  Globifferisut  of  the  Atlantic  soundings  is  identical  with  the  cre- 
taceous species  of  the  same  genus ;  and  tlie  casts  of  lower  Silurian 
J^orammiferOf  recently  described  by  Ehrenberg,  assure  us  of  the 
very  close  resemblance  between  the  oldest  and  the  newest  forms  of 
many  of  the  Protozoa. 

AmouL''  the  Cdlenteraia^  the  tabulate  c(tral>  ui'  the  Silurian  epocli 
are  wonrl*  rfuliy  like  the  millepores  of  our  own  seas,  as  every  one  may 
convuicc  himself  who  compares  Ilcliolitea  with  Heliojiora. 


*  I  iti^te  tiMse  fkcH  on  the  aathority  of  my  IHeod  Dr.  Hooker.— T.  H.  R. 
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Timiiii'jr  to  the  J/o///^^ca,  the  ppiiora  Crania,  J) isehnt.  f.ingulay 
have  |)L'rsiNti  fI  from  the  Sihirian  epoch  to  the  pr»  scut  duv,  with  so 
little  chaiige,  that  very  competent  uialacologist^  are  buiiietimes  puzzled 
to  distinguished  tbe  anciait  from  the  modern  species.  Nautili  have  a 
like  range,  and  the  shell  of  the  liasstc  Lcligo  is  similar  to  that  of  the 
^'sqnid'  of  our  own  seas.  Among  the  ^mmliMOy  the  oarboaiferoiis 
insects  are  in  several  cases  referable  to  existing  genera,  as  are  the 
Arachnida,  the  highest  group  of  which,  the  scorpions,  is  represented 
in  the  coal  by  n  crenus  differing  from  its  living  congeners  only  in  the 
disposition  ot  its  ryes. 

The  vertebnito  sufikin^dom  furnishes  many  examples  of  the  same 
kind.  The  Gatwidei  aiid  L^hLsmobrcatchii  are  known  to  have  per- 
sisted from  at  least  the  middle  of  the  Palaeozoic  epoch  to  our  own 
times,  withoat  exhibiting  a  greater  amount  of  deviation  from  the  typical 
characters  of  these  orders,  than  may  be  found  within  their  limits  at  the 
present  day. 

Among  the  Reptilia^  the  highest  group,  that  of  the  CroeodiUaf 

was  represented  at  the  beginning  of  the  Mesozoic  epoch,  if  not  earlier, 
by  species  identical  in  the  e^^-^f^ntial  r*li:imctrr  of  tfieir  on^anization 
witii  those  now  living,  and  pr('S(  iitiijg  ditiurences  duIn  in  sncU  points  as 
the  form  ot  the  articular  facts  ut  their  vertebra?,  in  tlie  extent  to  which 
tiie  nasal  passages  are  separated  from  the  mouth  by  boue,  and  in  tbe 
proportions  of  Sie  limbs.  Even  such  imperfect  l^nowledge  as  we  possess 
of  the  ancient  mammalian  Ikuna  leads  to  the  belief  that  certain  of  its 
types,  such  as  that  of  the  Marstaiialiaf  have  persisted  with  no  greater 
diange  through  as  vast  a  lapse  ox  time. 

It  is  difficult  to  comprehend  the  meaning  of  snch  facts  as  these,  if 
\vp  «np|>osp  that  each  species  of  animal  and  plant,  or  each  great  fypo  of 
(>r^^;i!ii/atii)n,  was  formed  and  placet!  uj)on  the  surface  of  the  globe  at 
long  intervals  by  a  distinct  act  of  creative  power  ;  and  it  is  well  to 
recollect  that  such  an  a^umption  is  as  unsupported  by  tradition  or 
revelation  as  it  is  opposed  to  the  general  analogy  of  Nature. 

If,  on  the  other  hand,  we  view  *'  Persistent  Types,*'  in  relation  to 
that  hypothecs  which  supposes  the  species  of  living  beings  living  at 
any  time  to  be  the  result  of  the  gradual  modification  of  pre-existing 
species— a  hypothesis  which  though  unproven,  and  sadly  damaged  by 
some  of  its  supporters,  is  yet  the  only  one  to  which  ])!n'8iology  lends 
any  ronntenance — their  existencp  would  seem  to  show,  that  the  amount 
of  nj(iditicat!f>n  which  living  beings  have  undergone  during  geological 
tioje  is  but  very  small  in  relation  to  the  whole  series  of  changes  which 
they  have  suffered.  In  fact,  palaeontology  and  physical  geology  are 
in  perfect  harmony,  and  coincide  in  indicating  that  all  we  know  of  the 
oonditioiis  in  our  world  during  geological  time,  is  but  the  last  term  of 
a  vast  and,  so  fiir  as  oar  present  knowledge  reaches^  unrecorded  pro> 
grasuoo. 

[T.  H.  H.J 
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GEJMEHAL  M0NTH1.Y  M££TING, 

Monday,  Juoe  6,  1859. 

Cou>KfiL  PuUiir  Jambs  Yobk%'F.B.S.  Vioe^PreaidQiit,  in  the  Chair. 

John  fiathuivt  Gra\  er  Browne,  Esq. 
Samuel  Parsons,  M*D.  and 
William  Simpson,  Esq.  C.E. 

were  duly  elected  Members  of  the  Boyal  Institation. 

diaries  Brett,  Esq. 
was  admiiUd  a  Member  of  the  Royal  Institutiou. 

The  following  Letter  from  Jacob  Bbll,  Esq.  M.R.I.,  was  read : — 

^  Mt  dear  Db.  Fabasat,  *'  Xoa^Aosi  Phee^  Jme  9ml,  1659. 

I  liave  the  works  of  Jobn  Gomj>,  F.R.S.  from  the  com- 
mencement up  to  the  present  time.  Understanding  that  the  Library  of 
the  Royal  Institution  is  not  provided  with  these  works,  I  am  desirous 

of  offering  them  as  n  doiuitioti.  Tlie  volumes  up  to  a  certain  period  are 
bound:  and  1  regret  my  inability  to  include  the  entire  work*  in  the 
same  state :  but  T  lind  on  inquiry  that  tliree  of  the  works  are  still  in 
progress,  and  therefore  not  yet  in  a  state  ior  biijiiiug.  As  the  state  of 
my  liealth  gives  me  no  prospect  of  living  to  see  tlie  works  completed,* 
and  I  could  not  impose  on  my  executors  an  indefinite  trouble  and 
responsibUiW,  I  have  only  the  alternative  of  requesting  you  to  accept, 
on  behalf  of  the  Institution,  all  that  it  is  in  my  power  to  give. 
*^  I  remain,  my  dear  Dr.  Faraday,  yours  very  sincerely, 

Jacob  Bbuu." 

Works  of  Joiiji  Gould,  F.R.S. — 

Century  of  Uirds  from  the  Himalaya  Mountains*   fol.  1832. 

Monograph  of  the  Rarophastlds  or  Toacaas.  fid.  IstBd.  1834.  Sad  Ed.  1854^ 

Monograph  of  the  Trogonida:  orTragons,  fol.  IstKd.  1888. 2iidBd.  Part  1.  1858. 

Htrda  of  Europe,    5  toU.    fol.  1^37. 

MamnmU  of  Australia.    Parts  1- 10.   fol.  1845-58. 

BSrdlscf  Aostrftlia.   :  vols.  fol.   1848.  Sapnlomeut,  Parti  1, 2.  fd. 

>Toiiogmph  of  the  Trochilidse,  or  Humming  Bivds.  Parts  1-16.  fill.  1848-6B* 

HjrdsofAsia.    Parts  l-ll.    fol.  1850-9. 

Monograph  of  the  Odontophorinffi.  or  Partiidges  of  America,   fol.  18S0. 
Icones  ATinsft.  FsrtS.  Ibl.  1888. 

Resolvei>, — That  tlie  warmest  thanks  of  the  Membere  be  ottered  to 
Mr.  BEI.L  for  bis  munificent  present ;  and  they  beg  to  express  their 
regret  at  the  state  of  health  of  one  who  has  so  long  been  ao  earnest  and 
active  a  Member  of  the  Institution. 


*  Mr.  Heirs  decease  took  place  on  June  12  followiDg. 
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The  ibllowiiig  Presents  were  aonounoed^  and  the  thatiks  of  the 
Members  returned  for  the  same : — 

lArdi  Commissioners  of  the  Admiralty — ProfeSMr  Piozzi  Smydi's  Beport  CQ  the 

TenerifFe  Astronomical  Expcrinunits  of  1856.    4  to.  1858. 
AmeriouM  Philosophical  Society — Proceediugs  Nos.  57,  56.    8vo.  1857. 
Aamfmam — The  Matinies  and  the  People ;  or  Statemeols  of  NatiTe  fidelity, 
exhibited  daring  thi-  Outbreak  of  1857-8.  Bjra  Hindii*  8to.  Calcutta,  1859. 
ArUf  Society  of — Jourual  lor  May  1859.  8vo. 
Jbtroaomical  Socieiif ,  Jio^l— ^louihly  rs'utic^is.  May  1S39.  8vo. 
Barlow,  Rtv.  Mm,  M.A    F.Ji.S.  V.P.  .V  Sec,  J?./.— Rev.  T.  Reyooldi,  Iter 
Britanninnim  :  or,  that  Part  of  the  Itinerary  of  Autoninus  which  rebktet  to 
Britain,  with  a  New  Comment.    4to.    1 799. 
Bdl,  Jacob,  Esq.  M.H.I. — Pharmaceutical  Journal  for  May  1859.  Sto. 
Boo^tf,  Messr*.  (the  Publishers)— The  Musical  World  for  May  1859.  4tO. 
IJittUh  ArcJiitet  ts,  fnstitiilc  (J — PriK  ci'dings  for  May  1859«  4lo. 
iirftfar*— The  Medical  Circular  for  May  1859.  8vo. 
The  Pnetieal  Mechaoie'fl  Jonmal  fat  May  1 859.  4to» 
The  Journal  of  Gas- Lighting  for  May  185U.  4to. 
The  Mechanics'  Magazine  for  May  i859.  Sto. 
The  Athfflgtnm  for  May  1859.  ito. 
The  En^tDeer  fat  Blay  1859.  Ibl* 
The  Artixan  for  May  1859.  4tau 
Tlie  ITumlofrical  Journal,  No.  10.    8vo.  1859. 
Faradatf,  Pr^essor,  D,C,L.  F.Ji,S. — Repertoire  de  Chimic,  par  C  barreswil  uud 

A.Wiirti.  No.  8.  8to.  Puis  1859. 
FraakUn  Institute  of  Pennsylvania — Journal,  Vol.  XXXVII.  No.  5,  8vo.  1859. 
Get>lnqic'il  Son'fttf — Pnx-w^iinL'v;  for  May  1859.  8vo, 

Hoilaad,  Sir  Henrtf,  JJart,  M.D.  F.H.S.  V.P.ll.I.-^M.   F.  Maury's  Sailing 

Direetioos.    Sth  Ed.   StoIs.   4to.*  Washiogt<Hi,  1858-9. 
Lmcolai'Inn,  Hon.  Socieijf  (/—Catalogue  of  the  Printed  Books  in  the  Library. 

By  W.  H.  SpilsV  rirv,  Librariau.    8vo.  1859, 
Mtideif,  Sir  Oswald,  Hart.  M.JLI.  {ihc  Author) — A  Short  Account  of  the  Aiicient 

British  Church.    16ta  1858. 
Nevtou,  ^^^^srs.—Loni^oli  Journal  ("New  Series^,  for  May  1859.  8?o. 
NisxiU,  Mr.  (  the  P  'hUshtr     The  Miisical  Times,  for  May  1859.  4t0. 
Photographic  Soacli^ — Journal,  No.  85,    8vo.  1859. 


WEEKLY  EVENING  MEETING, 
Friday,  June  10,  1859. 
TtaB  Pbincb  CoMBOBTy  Vloe-FfttroD,  in  the  Chair. 
Josh  Tshdaix^  Esq.  F.R.S. 

rawiMWfM  ov  MAtomtM.  wMmormt,  aovAt  ummnunt* 

On  ike  TrojumisHon  of  Heat  oj  different  qualities  through  Gases  of 

djgferetU  Mndf. 

8oMB sna]<^ies  between  sound  and  light  were  first  pointed  out:  a 
fpecirum  from  the  electric  light  was  thrown  upon  a  screen—  the  spec- 
tnun  was  to  the  eye  what  an  orchestra  was  to  the  ear — ^the  different 
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coloQiBwere  analogous  to  notes  of  diflTereoi  pitob*   But  beyond  the 

visible  spectrum  iti  both  directions  there  were  rays  which  excited  no 
impression  of  light.  Those  at  tlie  red  end  excited  heat,  and  the 
reason  why  they  failed  to  excite  liglit  probiddy  was  that  tliey  never 
reached  the  retina  at  all.  This  folioweil  from  the  experiments  of 
lirucke  and  Knoblauch.  These  obscure  rays  had  been  discovered  by  Sir 
Wm.  llerschel,  and  the  speaker  demonstrated  their  existence  by  placing 
a  theimo-eleetric  pile  Bear  to  the  red  end  of  the  epeetrum,  but  still 
outside  of  it.  The  needle  of  a  lai^e  galvanometer  connected  with  the 
pile  was  deflected  and  came  to  rest  in  a  position  about  4t5  degrees 
from  zero.  A  glass  cell^  containing  the  transparent  ▼itreous  humour 
of  the  eye  of  an  ox,  was  now  placed  in  the  path  of  the  rays :  the  iipht  of 
the  spectrum  was  not  perceptibly  diminished,  but  the  needle  of  the 
galvanometer  fell  to  zero,  thus  proving  that  tlic  obscure  rays  of  the 
sf)ectr!mi.  to  which  the  galvanometric  deflecdon  was  due^  were  wholly 
absorbed  by  the  humours  of  tlic  eye. 

Reference  was  made  to  the  excellent  researches  of  Melloni.  In  a 
simple  and  ingenious  maniier  he  had  proved  tlie  law  of  inverse  squares 
to  be  true  of  radiant  heat  passing  through  air,  and  the  eminent 
Italian  inferred  firom  his  experiments  that  lor  a  distance  of  18  or  20 
feet,  the  action  of  air  upon  radiant  heat  was  totally  inappreciable, 
T'his  is  the  only  experimental  result  now  known  regarding  the  trans- 
mission of  radiant  heat  from  terrestrial  sources  thnrogli  air;  with 
regard  to  its  transmission  through  other  gases  it  was  believed  that 
we  were  without  any  iiiformation 

It  was,  however,  very  desirable  to  examine  the  action  of  such 
media — desirable  on  purely  scientific  grounds,  and  also  on  account  of 
certain  speculations  which  had  been  based  upon  the  suj>iW8ed  deportment 
of  the  atmosphere  as  regards  radiant  heat.  These  speculations  were 
originated  by  Fourier ;  but  it  was  to  M.  Pouillet's  celebrated  Memoir, 
and  the  recent  excellent  paper  of  Mr.  Hopkins,  to  which  wa  were 
indebted  for  thdr  chief  development  It  was  supposed  that  the  raja 
from  the  sun  and  fixed  stars  could  reach  the  earth  through  the 
atmosphere  more  easily  than  the  rays  emanating  from  the  earth  could 
get  bMsk  into  space.  This  view  required  experimental  verification^  and 
the  more  so,  as  the  only  experiment  we  possessed  was  the  negative 
one  of  Melloni,  to  whicli  rf  fi  rptice  has  been  already  made. 

The  energetic  action  of  tin  solid  and  liquid  compounds  into  wliich 
the  element  hydrogen  enters,  suggested  the  thoujpcht  that  hydrogen  gas 
might  act  more  powerfully  than  air,  and  the  IbUowiug  means  were 
devioed  to  test  this  idea.  A  tube  was  constructed,  having  its  ends 
stopped  air-tight  by  polished  ^plates  of  rock-ssit  held  between  snitaUe 
washers,  which  salt  is  known  to  be  transparent  to  heat  of  all  kinds ;  the 
tube  could  be  attached  to  an  air-pump  and  exhausted,  and  any 
required  gas  or  vapour  could  be  admitted  into  it.  A  tliermo'^iectric 
pile  being  j^aced  at  one  end  of  the  tube»  and  a  source  of  heat  at  the 
o'!ipr,  the  needle  of  an  extrem^dv  sensitive  gnlvanometcr  connected 
with  the  pile  v.ns  ileflcctpd  After  it  had  come  to  rest,  the  air  was 
|mui|  ed  fioni  the  tube,  and  tlie  needle  was  carefully  observed  to  see 
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whether  tbe  mnoval  of  tbe  air  bad  sDj  influence  on  the  tnonniflBion 

of  the  heat.  No  such  influence  showed  itself — the  needle  remained 
l^erfectly  steady.  A  similar  result  was  obtained  wiien  hydrogen  gat 
was  used  instwid  of  air. 

Thus  foiled,  the  speaker  put  his  questiuii^  to  Nature  in  the  follow- 
ing way :  a  source  of  heat,  having  a  temperature  of  about  300^  C,  was 
placed  at  one  end  of  the  tube,  and  a  thermo-electric  pile  at  the  other-— 
a  large  defleetion  was  the  oonseqaence.  Bonnd  the  astatic  needle, 
however,  a  second  wire  was  coiled,  thus  forming  a  soiled  differential 
galvanometer  $  a  second  pile  was  connected  with  this  second  wire,  so 
tliat  the  current  from  it  circulated  round  the  needle  in  a  direction 
opposed  to  that  of  the  current  from  the  first  pile.  '1  he  second  pile 
was  caused  to  ajypronrh  the  source  of  heat  until  both  currents  exactly 
neutralised  each  other,  and  the  needle  stood  at  zero.  Here  then  we 
had  two  powerful  li trees  in  equilibrium,  and  the  question  now  was 
whether  the  removal  of  the  air  from  the  tube  would  disturb  this  balance. 
A  few  strolces  of  the  air-pump  decided  the  question^  and  on  the  entire 
removal  of  the  air  the  cnrrent  iirom  the  pile  at  the  end  of  the  tube 
predominated  over  its  antagonist  from  40^  to  50^.  On  readmitting  the 
air  the  iKedle  again  fell  to  zero;  thus  proving  beyond  a  doubt  that  the 
air  within  the  tube  intercepted  a  portion  of  the  radiant  heat. 

The  same  method  was  applied  witli  ot!ier  p<sp«i,  ruul  with  most 
remarkable  results.  Gases  dlrter  probably  us  iiiut  li  among  themselves 
with  regard  to  their  action  upon  radiant  heat  as  liquids  and  solids  do. 
Some  gases  bear  the  same  relation  to  others  that  alum  dues  to  rock- 
aalt.  The  speaker  compared  the  action  of  perfectly  transparent  coal- 
gss  with  perftetljr  transparent  atmospheric  air*  To  render  the  effect 
visible  to  the  audienoe,  a  large  piano-eon  vea  lens  was  fixed  between  two 
apright  stands  at  a  certain  height  above  a  delicate  galvanometer, 
llie  dial  of  the  instrument  was  illuminated  by  a  sheaf  of  rays  from  an 
electric  lamp,  the  sheaf  being  sent  through  a  solution  of  alum  to  sift  it 
of  ITS  heat,  and  thus  avoid  the  formation  of  air-currents  witliin  the  glass 
tliL'.do  of  the  instrument.  Above  the  lens  was  placed  a  looking-glass, 
so  inclined  that  the  magnified  imago  of  the  dial  was  thrown  ujiuu  a 
screen,  where  the  movements  of  the  needle  could  be  distinctly  observed 
by  the  whole  audience.  Air  was  first  enmined,  the  cunrenta  fium  the 
two  piles  being  equilibrated  in  tlie  manner  deacribed,  the  tube  was 
exhausted,  and  a  small  but  perfectly  sensible  deflection  was  the  residt. 
It  was  next  arranged  that  the  current  from  the  pile  at  the  end  of  the 
tube  predominated  greatly  over  its  antagonist.  Dry  coal-gas  was  now 
admitted  into  the  tube,  and  its  aetion  upon  the  radiant  heat  was  so 
eiier^^etic,  the  quantity  of  heat  -which  it  cut  off  was  so  ^reat,  that  the 
needle  of  the  galvanometer  was  seen  to  move  from  about  80*^  on  orie 
side  of  zero  to  bO*"  m\  the  other.  On  exhausting  the  tube  the  radiant 
heat  passed  copiously  through  it,  and  the  nee(ue  returned  to  its  first 
position. 

Similar  difibrenoes  have  also  been  established  in  tiie  case  of  vapours. 
As  representatives  of  this  diverse  aetion,  the  vapour  of  ether  and  of 
bisulphide  of  carbon  may  be  taken.   For  equal  volumes,  the  quantity 
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r)t  !i(^'nt  Tntr>n-r]itr(l  by  the  fonuer  IB  enormously  greater  thoti  that  inter- 

Ct;j)tfU  by  liie  latter. 

I'o  test  the  iiiHuefict'  of  qnaliiy,  tho  tollowijipr  experiment  was 
devised.  A  powerful  lime  light  was  placed  at  oue  end  of  the  tube, 
and  the  rays  from  it,  coiioeotrated  by  a  oonvez  kii%  were  lent  tliruugh 
the  tube,  havioff  prevfoutly  been  ean§ed  to  paw  through  a  thin  layer  of 
pure  water.  The  heat  of  the  luminous  beam  excited  a  thermo-electric 
current  in  the  pile  at  the  end  of  the  exhausted  tube ;  and  this  current 
being  neutralised  by  the  current  from  the  second  pile,  conl-gas  was 
admitted.  This  powerful  gas,  however,  had  no  sensible  effect  uyxni  the 
heat  selected  from  the  lime  light ;  while  the  same  quantity  of  heat, 
from  an  obscure  source*,  Ava>  trougly  affected. 

The  bearing  of  Uiis  experiment  upon  the  action  of  planetary 
atmoBpheree  is  obvious.  The  flolar  heat  possesses,  in  a  &r  higher 
degree  than  that  of  the  lime  light,  the  power  of  crossing  an  atmo- 
sphere ;  but,  and  when  the  heat  is  absorbed  by  the  planet,  it  is  so 
changed  in  quality  tliat  the  rays  emanating  from  the  planet  cannot  get 
with  the  same  freedom  back  into  space.  Thus  the  atmosphere  admits 
of  the  entrance  of  tlio  «nlar  heat,  but  chocks  its  exit ;  and  the  result  is 
a  tendency  to  accumulate  heat  at  the  siirlace  oi  tlie  planet. 

Tn  the  admirable  paper  of  M.  l^ouillet  already  referred  to,  this 
action  is  regarded  as  the  cause  of  the  lower  atmospheric  strata  being 
warmer  than  the  higher  ones ;  and  Mr.  Hopkins  has  shown  the  possible 
influenee  of  soch  atmospheres  upon  the  life  of  a  planet  mtoated  at 
a  great  distance  from  the  sun.  We  have  hitherto  confined  onr 
attention  to  solar  heat ;  but  were  the  sun  abolished,  and  did  stellar 
heat  alone  remain,  it  is  possible  that  an  atmosphere  which  permits 
advance,  and  cuts  off  retreat,  miglit  eventually  cause  such  an  accumu- 
lation nf  small  srivinp*  as  to  render  a  planet  withdrawn  entirely  from 
the  intiueuce  ul  the  sun  a  warm  dwell  in  cr-placo.  But  whatever  be  the 
fate  of  the  speculation,  the  expenmental  iact  aliides — that  gases  aloorb 
radiant  heat  of  ditferent  qualities  in  diiiercnt  degrees  ;  and  the  ueiiou 
of  the  atmosphere  is  merely  a  fiartloular  case  of  the  inquiry  in  which 
the  speaker  was  at  present  engaged. t 

[J.  TO 


*  The  tjiuiHlily  of  heat  is  moasnred  by  the  amount  of  the  galvanometric  <lfflf»c- 
tioo  which  it  produces;  m  power  of  passiug  throagb  media  may  be  takeu  <ui  a 
teat  of  quality, 

t  Wli ill' correcting  the  proof  of  this  abstract,  I  h  ainedthat  Dr.  Franz  hail 
arrived  at  the  conclusion  that  an  absoiption  of  3*54  percent,  of  the  heat  passing 
through  a  colunm  of  air  9U  ceuthuet4.<r8  long  takes  pluce  ;  for  cuIuurcHl  gases  he 
finds  the  abnrption  greater ;  bat  all  colourless  gases  he  assumes  show  no  Tiwrikf^l 
diTsrgenoe  from  the  atmoqiheTe.^  Poggmioi^t  Amilvii,  xelv.  p.  837. 
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W££KLY  EVENING  MEETING, 
Friday^  June  17, 1859. 
Thb  Lord  Wm«LETDAX.B,  Vioe-Fmideot,  Jb  the  Obatr. 

PiROFBflBOs  Fabadat,  D.C.L.  F.R.S. 

On  P  iiospi^ore^cence^  Fluor escmce^ 

Thx  agent  understood  by  •the  word  light,"  presents  phenomena  so 
Taiied  in  kind,  and  is  excited  to  sensible  action  by  siicb  di£ferent 
erases,  acting  apparently  by  methods  differing  greatly  in  their  physical 
nature,  that  it  eacites  the  hopes  of  the  philosopher  much  in  relation  to 
the  connexion  which  exists  between  all  the  physical  forces,  and  the 
expectation  that  that  connexion  may  he  greatly  developed  by  its  means. 
This  consideration,  with  the  great  advance  in  the  experimental  part 
of  the  8ijl)if*ct  whir!i  Im'^  recently  been  made  by  K.  liecquerel,  were 
the  determining  causes  ot  the  production  of  tliis  subject  before  the 
membeni  of  the  Koyal  Institution  on  the  present  occa£>iun. 

The  well  known  effect  ot  light  iu  radiating  from  a  centre,  and  ren- 
dering bodies  visible  which  are  not  so  of  themselves,  as  long  as  the 
emsaon  of  rays  was  continual-^the  general  nature  of  the  undulatoiy 
▼iewy  and  the  fiust  that  the  mathematical  theory  of  these  assomed 
nadulations  was  the  nme  with  that  of  the  ondulation  of  sound,  and  of 
sny  undulations  occurring  in  elastii  >  lies,  were  referred  to  as  a  starting 
position.  Limited  to  this  effect  of  light  it  was  observed  that  tlie 
illuminated  body  was  himinoos  only  whilst  reeeiving  the  rays  or  un* 

dulations. 

lint  superadded  occasionally  to  this  etiti  t  is  (jiip  known  m  phos- 
pkbrtsccncc.  which  is  es|X*eially  evident  when  tlx  >\u\  is  cniployed  as  the 
source  of  light.  Thus,  if  a  calcined  oyster-shell,  a  piece  ol  white  paper, 
or  even  the  hand,  be  exposed  to  the  sun's  rays  and  then  instantly  placed 
before  the  eyes  in  a  perfectly  dark  room,  they  are  seen  to  be  Tisible 
e/ler  the  1  ight  has  cessed  to  fell  on  them.  There  is  a  further  philosophi- 
cal difference,  which  may  be  thbs  stated ;  if  a  piece  of  wlute  oyster- 
•bdl  be  placed  in  the  spectrum  raye  issuing  from  a  prism,  the  parts 
will,  as  to  illumination)  appear  red,  or  green,  or  blue,  as  they  come 
unikr  tlie  red,  green,  or  blue  rays:  whereas  if  the  phosphorescoit 
ettitct  be  observed,  i  i .  that  efi'eet  remaining  after  the  illuminating  rava 
are  gone,  the  light  will  eitlnT  l)e  white,  or  of  '\  tint  not  flc^pending 
upon  the  colour  of  the  ray  producing  it,  but  upon  the  nature  of  the 
substance  itself,  and  the  same  for  all  the  rays. 

The  ray  winch  comes  to  the  eye  in  an  ordinary  case  of  visibility, 
may  bi*  oonridered  as  that  which,  emanating  from  the  luminous  body, 
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has  'nnpiiiiiod  upon  the  substance  seen,  and  has  be^^n  deflected  into  a 
new  eour.stj,  namely  towards  the  eve  ;  it  iiiiiv  be  con>idered  as  the 
same  ray,  both  Im  tore  and  after  it  ha»  met  wkh  tlie  visible  body.  But 
the  light  of  phosphorescence  cannot  be  so  considered,  inasmuch  as 
lime  is  intruduced  ;  for  the  body  is  visible  for  a  time  sensibly  after  it 
ha«  been  iUttminatedy  which  time  in  some  case*  rises  up  to  minutes,  and 
perhaps  hours.  This  condition  connects  these  phcephorescent  bcidtes 
with  those  which  phosphoresce  by  heat,  as  apatite  and  floor-spar ;  for 
when  these  are  made  to  glow  intensely  by  a  heat  far  below  redness,  it 
is  evident  that  they  have  acquired  a  state  which  has  enabled  them  for 
a  time  to  become  original  sources  of  light,  just  as  the  other  phospho- 
rescent bodies  linve  by  expomire  to  li«iht  acqnired  a  like  state.  And 
then  njxniii  tliere  is  this  tin  tlK^r  fhct,  that  as  the  Hiirrr  spar  which  has 
been  iieittd,  does  not  phosphoresce  a  secx)nd  time  when  reheated, 
still  it  may  be  restored  to  its  first  state  by  passing  the  repeated  dis- 
charge of  the  electric  spark  over  it,  as  i'earsall  has  shown. 

Then  follows  on  (in  the  addition  of  eflfoct  to  effect)  the  phenomena 
of  fiuotrtteenee^  and  tiie  fine  contributions  to  our  knowledge  of  this 
part  of  light  by  Stokes*  If  a  fluorescent  body,  as  uraoiom  glass,  or  a 
solution  of  sulphate  of  quinine,  or  decoction  of  horse-chestnot  bark  are 
exposed  to  difliise  day-light,  they  are  illuminated,  not  merely  abundantly 
but  peculiarly,  for  they  appear  to  have  a  glow  of  their  own  ;  and  this 
glow  does  not  exteiid  to  nil  parts  of  the  bodies,  but  is  limited  to 
the  parts  whore  ttie  rays  hrst  enter  the  stihstances.  Some  feeble 
flames,  as  that  of  iiydrogen,  can  jiroduce  this  glow  to  a  considerable 
degree.  Tf  a  deep  blue  glass  be  held  beLween  the  body  and  the  rays 
of  tlie  sun,  or  of  the  electric  lamp,  it  seems  even  to  increase  the  effect ; 
not  that  it  does  so  in  reality,  but  that  it  stops  very  many  of  the  luminous 
ray,  yet  lets  the  rays  producing  this  effhct  pass  through*  By  using 
the  solar  or  electric  spectrum,  we  learn  that  the  most  elfectaal  rays  ars 
in  most  cases  not  the  loroinous  ones,  but  are  in  the  daik  part  of  the 
spectrum  ;  and  so  the  fluorescence  appears  to  be  a  luminous  oondttioo 
of  the  substance,  produced  by  dark  rays  which  are  stopped  or  oousnmed 
in  the  act  of  rendering  the  fliion'seent  body  luminous :  so  they  produce 
this  etfert  only  at  the  tirst  or  entry  snrfnce,  the  passing  ray,  thonjrrfi  the 
light  liof's  onward  being  unable  to  produce  the  effect  again  :  ruid  tliis 
effect  exists  only  whilst  the  competent  ray  is  falling  on  to  the  body,  for 
it  disappears  the  instant  the  fluorescent  substance  is  t^ken  out  of  tlie 
light,  or  the  light  shut  off  from  it. 

When  E.  Beoquerel  attacked  this  subject  he  enlarged  it  in  every 
direction.*  First  of  all,  he  prepared  most  powerftil  phosphori ;  these 
being  chiefly  sulphurets  of  the  alkaline  earths,  strontm,  baryta,  lime.  By 
treatment  and  selection  he  obtained  them  so  that  they  would  emit  a 
special  colour :  thus,  seven  diff^nt  tubes  might  contain  preparations 
which  exposed  to  the  sun,  or  diffused  day-light,  or  the  electric  ligM, 
should  yield  the  seven  rays  of  the  spectrum.    The  light  emitted 


*  Annales  de  Chinuc  et  de  Phyuque,  1859,  tome  It.  p.  1. 
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generally  POMOBiod  a  lower  degree  of  refteogibilily  than  the  ray  causing 
the  phoefmorescenee;  but  in  dome  instanoee  lie  waa  able  to  raise  the 
lemtnglble  character  of  the  ray  emitted  to  that  of  the  exciting  ray* 
By  taking  a  given  preparation,  and  raising  it  to  different  temperatures, 
be  caused  it  to  n^ive  out  different  coloured  rays  h\  the  single  artion  of 
one  common  ray ;  this  variation  in  power  returning  to  a  common 
degree  as  the  temperatures  of  the  piiospiiori  became  the  same  in  all. 
He  showed  that  time  was  occupied  in  the  elevation  of  the  phosphores- 
cent state  by  the  ray ;  and  also  that  time  was  concerned  in  various 
decrees  during  the  emissiou  of  the  phosphorescent  rajf :  that  this  time, 
which  in  many  eases  was  long,  might  be  slfeGled,  bong  shortened  by 
the  action  of  heat,  and  then  the  brilliancy  of  the  phosphorescence  for 
the  shortened  time  was  increased.  He  showed  the  special  relation  of 
the  different  phosphori  to  the  different  niys  of  the  spectrum,  pointing 
out  where  the  niuxiiniim  effect  oocurrtd  ;  also  that  there  were  the 
e<}uivaleiirs  of  dark  bands,  i.e.  bauds  iu  tlie  spectrum,  where  little  or 
no  phosphorescence  was  produced. 

These  phosphori  were  many  of  them  highly  fluorescent.  Thus,  if 
one  of  them  was  exposed  to  the  strong  voltaic  light,  and  then  placed 
in  the  dark,  it  was  seen  to  be  brilliantly  luminous,  gradually  sinking  in 
brightness,  and  ultimately  fadbg  away  altogether :  but  if  It  were  held 
in  the  rays  beyond  the  yudet  end  of  the  spectrum  (the  more  luminous 
rays  being  shut  off)  it  was  again  seen  to  be  beiutifully  luminous,  but 
that  state  disappeared  the  instant  it  was  removed  from  the  ray.  Now 
this  \9,  fluorefeccuce,  and  the  same  body  seemed  to  be  both  phosphorescent 
and  tiuoresceiit.  Considering  this  matter,  and  all  the  circumstiiiicts 
regarding  time,  Becquerel  was  led  to  believe  tliat  tliese  two  luminous 
conditions  differed  essentially  only  in  the  Ume  during  which  the  state 
excited  by  the  exposure  to  light  continued ;  that  a  body  being  really 
phosphorescent,  but  whose  state  fell  instantly,  was  fluorescent,  giving 
out  its  light  while  the  exciting  ray  continued  to  fall  on  it,  and  during 
that  time  only ;  and  thata  phosphorescent  was  only  a  more  sluggish, 
bcKiy,  wliich  continued  to  shine  af>er  the  exciting  ray  was  withdrawn. 
To  investigate  this  point  he  invented  the  pimsphoroscope ;  an  apparatus 
which  may  vary  in  its  particular  construction,  but  in  which  discs  or 
other  surfaces  illuminated  by  the  sun  or  an  electric  lamp,  might,  by 
revolution,  be  rapidly  placed  before  the  eye  in  a  dark  chamber,  and  so 
be  regaided  in  the  shortest  possible  spaoe  of  time  after  their  iUuBiina- 
«  tion.  By  such  an  apparatus  Beoquerel  showed  that  all  the  fluorescent 
bodks  were  really  phosphorescent ;  but  that  the  emission  of  light 
endured  only  for  a  very  short  time. 

An  extensive  series  of  ex]ierimental  illustrations  upon  the  foregoing 
points  was  TTtade  with  fine  specimens  of  phospliori,  for  which  the  speaker 
was  indebted  to  M.  Becquerel  liiraself.  Tlie  j)hos]ihoroseopc  eniploye<l 
consisted  of  a  cylinder  of  wood,  one  inch  iu  diameter  and  ^even  iucIk  h 
long,  placed  in  tlie  angle  ot  a  black  box  with  the  electric  lamp  in^-ide, 
so  that  three-fourths  of  the  cylinder  were  external,  and  in  tiie  dark 
ehamber  where  the  audience  sat,  and  one^fonrth  was  within  the  box,  and 
in  the  foil  power  of  the  voltaic  light.   By  proper  meehanical  arrange* 
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meoti  tbis  qflinder  coold  be  revolved,  and  the  part  which  was  at  one 
instaot  witluii,  rapidly  brought  to  the  ootaide,  and  observed  by  the 
audience.  As  the  cylinder  oould  be  made  to  revolve  200  times  in  a 
eecond,  and  as  the  twentieth  part  of  a  revolution  was  enough  to  bring  a 
sufficient  portion  of  the  cylinder  t!^  the  outside,  it  is  evident  that  a 
phosphorescent  effect  which  would  last  only  ihf*  1 -3000th  or  even  the 
1 -6000th  of  a  siooond  niiglit  hp  made  apparent.  All  escape  of  light 
between  the  movinp  cylinder  iuid  the  box  was  prevented  by  the  use  of 
piu]>erly  attached  black  velvet. 

The  cylinder  was  first  supplied  with  a  surface  of  Uecquerel's 
phoflphori.  The  effect  here  was,  that  when  by  rotation  the  part 
illuminated  W9»  brought  outside  the  box  it  was  found  phosphorcMeot 
If  the  cylinder  continued  to  rotate  it  appeared  equally  InmtiiODi  all 
over,  and  when  the  rotation  ceased,  or  the  lamp  was  extinguiahedy  the 
light  gradually  sank  as  the  phoepborescence  fell.  Then  a  cyliiider 
having  a  surface  of  quinine  or  ssculin  was  put  into  the  apparatus. 
Will  1st  the  cylinder  was  still  it  was  dark  outside ;  but  when  revolving 
with  iimderate  velocity  it  bernme  lunnnon*;  outride,  ceasing  to  be  so 
the  niouicnt  liie  revolution  stopped.  Here  the  tiuoresoence  was  evi- 
dently shown  to  occupy  time ;  indeed,  the  full  time  of  a  revolution : 
and  taking  advantage  of  that,  the  sell -sliin tug  of  the  body  was  separated 
from  its  illumination  within,  and  the  fluorescence  made  to  assume  the 
character  of  phosphorescence.  Another  cylinder  was  covered  with 
crystals  of  nitrate  of  uranium,  a  hot  saturated  solution  having  been 
applied  over  it  with  a  fine  brush.  The  result  was  beautiraL  A 
moderate  degree  of  revolution  brought  no  light  out  of  the  box  ;  but 
with  increased  motion  it  began  to  appear  at  the  edge.  As  the  rapidity 
became  preater,  the  li^ht  spread  over  the  cylinder,  but  it  could  not  be 
carried  (  r  the  whole  of  its  surface  Tt  issued  as  a  band  of  liglit 
wliere  the  Tii()\iiij:^  cylinder  left  the  ed*2;e  of  the  box,  diminishing 
in  inteii>ify  as  it  went  ou,  and  lookinj^  like  a  bright  Hame,  wrapping 
round  lialf  the  cylinder.  When  the  direction  of  revolution  was  re* 
versed,  this  flame  issued  from  the  other  side ;  and  when  the  motion  of 
the  cylinder  was  stopped,  all  the  phenomena  of  fluorescence  or  phospb<h 
resoence  disappeared  at  once.  The  wonderfully  rapid  manner  in  which 
the  nitrate  of  uranium  received  the  action  of  the  light  within  the  box, 
and  threw  off  its  phosphorescence  outside,  was  beautifully  shown. 

The  electric  light,  even  when  the  discharge  is  in  rarefied  media,  or 
as  a  feeble  brush,  enjits  a  g^cat  abundance  of  those  rays,  which  prixluce 
the  phenomena  of  fluorescence  :  hut  then  if  these  rays  have  to  ])ass 
through  common  glass  tliey  are  cut  otf,  beinoi-  absorbed  and  destroved 
even  when  they  are  not  exjiended  'u\  pnxhit Huore^cenee  or  phos- 
phorescence. Arrangements  can  however  be  made  in  which  the 
advantageous  circumstances  can  be  turned  to  good  account  with 
such  bodies  as  Beoquerel's  phosphor!  or  uranium  glass.  If  these  bs 
enclosed  within  glass  tubes,  having  platinum  wiree  at  the  extremitiesi 
and  which  are  also  exhausted  of  air  and  hermetically  sealed,  then  the 
discharges  of  a  Ruhmkorff  coil  can  be  continually  sent  over  the  phos- 
phor!, and  the  efibcts  both  fluorescent  and  pho^horescent  be  beaati- 
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.lolly  gbown.  The  first  or  immediate  liglit  of  the  body  is  often  of  one 
colour^  wlubi  on  the  ccnatioo  of  the  Recharge  the  leoond  or  deferred 
li^t  18  of  another;  and  many  variations  of  the  effects  can  be  pro- 
duoed. 

In  connexion  with  rarefied  media  it  may  be  remarked,  that  some  of 
the  tribes  by  rroi<;sler  and  others  have  been  obsprvffl  to  have  their 
rarefied  atmospheres  phosphorescent,  glowing  with  ligiit  fur  a  moment 
or  two  after  tlie  discharge  through  them  was  suspended.  Since  then 
Becqiierel  has  observed  that  oxygen  is  rendered  pliosphorescent,  i.e. 
tltat  it  presents  a  persistent  efi*ect  of  light,  when  electric  discharges  are 
passed  through  h.  I  have  several  times  had  occasion  to  observe  that  a 
flash  of  lightning,  when  seen  as  a  linear  discharge,  left  the  Inmuions 
trace  of  its  form  on  the  clouds,  enduring  for  a  sensi1)le  time  after  the 
lightning  was  gone.  I  strictly  verified  this  fact  in  June,  1857,  record- 
ing it  in  the  **  Philosophical  ilagnzine,"*  and  referred  it  to  the  phos- 
phorescence of  tfin  cIoikI.  I  have  no  doubt  tiiat  tlinf  is  the  tnie 
e\fi!:tT!ntif>rK  ( )tiier  phem  iiu  na,  having  relation  to  tiiiore>c<'nrf'  nnd 
pliOsphorescen(  e,  as  tiie  (litlerence  in  tlie  light  of  oxygen  and  liydrogen 
exploded  in  gUiiis  globes,  or  in  the  air,  were  referred  to,  with  the 
expression  of  strong  hopes  that  Becquerel's  additions  to  that  branch  of 
science  would  greatly  explain  and  extend  them. 

[M.  F,] 


6£N£RAL  MONTHLY  MEETI^fO, 

Monday^  July  4,  1859. 

CoLOiTEL  Paiup  James  Toiuce,  F.B.S.  Vice-President, 

in  the  Chair. 

Thomas  Harlin,  Bsq.  M.A. 

James  Merryweatber^  Esq.  M.B.O.£.  and 

James  Watney,  Esq. 

were  duly  elected  Members  of  the  Royal  Institution. 

The  Special  Thanks  of  the  Members  were  returned  to  His  Kuyal 
Highness  the  FaiNCs  Consoet,  for  his  present  of  the  works  of  Kuhl- 
mann  and  Von  Fucbs  on  Water-Glass,  which  have  been  translated  and 
printed  for  private  circulation,  by  command  of  His  Koyal  Highness ; 
and  to  Sir  John  Renme,  for  his  present  of  his  work  on  the  Break- 
nater  in  Plymouth  Sound. 


*  Philofophical  Hagsnne,  June,  1857,  p.  506. 
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The  PRmnTB  received  daee  the  kst  Meeting  were  laid  on  the 
tftble,  and  the  thanki  of  the  Members  returned  for  the  ieme ;  vii. 
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by  Algebra.    By  Raracbundra.    8vo.  1859. 
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Bellt  Jacob,  Esq.  MM, I* — Pharmaceutical  Journal  for  June  1859.  8vo. 
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A.  Warts.  No.  9.    8to.   Fafis  1859. 

Konigliche  Preussii^he  Akademie,  Berichte,  Mars  ntfai*  1859.  Bro* 
Geological  Society — Proceedings  for  June  18r)9.  8vo. 
Geologutche  Anatalt,  fVien — Jahrbuch,  1858.    Nos.  3  and  4.    4tO.  1859. 
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G£N£BAL  MONTiiLY  MKEXING, 

Mooday,  November  7,  18«>9. 

WiLUAK  FoiAy  Ebq.  M^.  F.11.S.  Treasurer  and  Vice-Freaidenty 

in  the  Cbair. 

Thomas  Harlin,  Esq.  M«A.  and 
James  Watney^  Esq. 

were  admiUed  Members  of  the  Ivu^al  Institution. 

Tli«PBa»VB  feodved  since  the  last  Meeting  were  laid  on  the 
tabl^  and  the  thanks  of  the  Members  returned  for  the  same ;  yIz. 

Btr  Majetl^g  GovtrnmLnt  (through  Sir  R.  I.  Murchison ^—Geological  Surrey  of 

the  UniU'd  Kingdom  :  Annual  Report.    8vo.  1859. 
Memoirs:  British  Organic  Kemalns.   Monograph  I.    4to.  1859. 
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Coktninl  Srcrc!(iri/'s  Office^  New  Zealand — Lecture  on  the  Geolc^  of  Aocklan^f 
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Proceedings,  Vol.  XVII I.    8vo.  1850. 
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8m  1859. 

3Sylor,  Seo.  William^  F.E  S.^  M.ILI,(the  Author j— On  the  Education  of  the 

Blind ;  woA  oo  the  Establifi^ment  of  a  OoU^.    l€mo.    1 859. 
flketch  of  the  Life  of  J.  W.  Klein;  and  oo  the  Relation  of  the  Blind  to  the 

World  aroand  them;  by  J.  W.  Klein;  tranalated  by  the  KeT,  WiUiam 

Taylor.    16mo.  1859. 
C.  Carton,  Lea  Btabtiaenenti  pour  lat  Avoiglaa  an  Anglatana.  Sm.  Bmgei^ 

1888. 

J)fMU  Profesmr,  FM,S.  Ult€  Author)— Oa  the  Physical  Phenomena  of  Glaciers, 

fte.  Fkrtl.  (IWrnraLThus.)  4to.  1889. 
H^jr,  Attmiy  Esq.,  M.A.,  F.S.A.—wtovj  of  Northnmbariand.  Part  I.  By  J. 

Hodgson  Hi nde.    4to.  1858. 
fereins  zmr  Bd^rderumj  drs  (jctrcrbjieisnei  in  Preussen — Mai  and  Juni.  1859.   4 to. 
YurMir^  (mtt  Biding)  Geoloyvetd  ami  PdfUdmie  Soeufjr— PAweediiigi^  1888. 

8vo. 

Zooftxrienl  S(-cid  i/  of  London— Tr&asACticajA.    VoL  IV.  Part  6.    4tO.  1859. 

Prucceduii;*^  1859.    Part  2.    8vo.  1859. 

BoMiimj,  William,  /Jik/.— Specimens  of  an  Acacia  Tree  struck  by  Lightuiqg;  and 

Two  Photographs  of  tlie  Same. 
Offn,  George,  jSm.— Apparatus  with  Three  Hetdlie  BlUa  §09  exhibitiiv  tiia 

File&omciia  or  Solation  by  Ordinary  float. 

The  Special  1  hanlvs  of  the  Members  wore  returned  to  Sami  el 
LEiGii  SoTUKJix,  iibq.  i'ur  tiie  liberal  preseut  ui'  iiis  valuable  work, 
entitled : 

'   Prioeipia  Typographica ;  The  Block-books,  or  Xylographic  Delineations  of  Scrip- 
^  tore  History,  issued  in  Holland,  Flanders,  and  Get  many  during  the  Kfteenth 
Century.  Witha  Snpplcmintonthofiloek>booksintba &blkiliMqiie  Impifiala 
at  Paris.   3  vols.   4to.  1858-9, 


GENERAL  MONTHLY  MEETING, 

Monday,  December  5,  1859. 

WiLUAM  Pou»  Etq.  ILA.  F.iLS.  Tnmier  and  Vice-Preridenl, 

in  the  Chfttr. 

Thomas  Richards  Andrews,  Esq. 
George  March  Harrison,  Esq. 
Andrew  lTalI<ey  Ivnigiit,  Esq. 
ITon.  Augustus  Henry  Vernon, 
Lachlau  Muckintoi>h  Hate,  lisq.  M.A. 
Alfred  Smee,  Esq.  F.B.S.,  and 
William  Swaon,  Esq. 

were  duly  elected  Meiiiber:>  oi  the  Koyal  Institutioo. 

m2 
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The  Secretary  nnnnnricrfl  thnt  the  following  AiraDgements  had 
been  made  fur  the  Lectures  belore  Easter,  1860 

Six  Lectores  on  the  Vabioto  Fobcbs  of  Matteb  (adapted  to  a 

Juvenile  Auditory)  by  Professor  E'araday,  D.C.L.  &C. 
Fullerian  Professor  of  Chemiatry,  To  be  deliyered  ia  the  Christ* 
mas  VaeatioD*  185^60. 

Twelve  Lectures  on  Foesii<  Buum  and  ]l£FTii.iS|  by  Pbofbbsok 
Owen. 

Twelve  Lectures  on  Light,  including  its  Higher  X^usnomkna, 
by  Pbofsssor  Xynoall. 

Ten  Lectures  on  the  Relations  or  the  Animal  Kingdom  to 
THE  Industbt  of  Man,  by  Da.  Edwin  Lanxxstbb,  M*D.  F.E.S. 

Tlie  Presents  received  since  the  last  IMpptins^  were  laid  ou  the 
table,  and  the  thanks  of  the  Members  returned  fur  the  saipe ;  viz. 

Fbon 

Actuaries^  Tnslitutr  n?^— Aesnrance  Mngaziue,  No.  87,   8vo,  1859. 

ArU,  Society      J oiirual  for  Nov,  1859.  8vo. 

Atlroamkai  Soeiettf,  Koyal—'Pneeedlu^B,  No.  10.  8vo.  1659. 

BtmAoy  Otogifaphical  Society — Transactions,  Vol.  XIV.    8vo.  1859. 

Booify,  Mem.  {tfu  Publithers)— The  Mnsical  World  for  Nov.  1859.  tto 

JiretieU,  Jhmas,  En, — Thomas  Smith,  Uecollectious  of  the  British  Institution  for 

mmoting  the  Rue  Arts  in  the  UDited  Kingdom,  1805*59.  8to.  1860. 
JBritish  Architects^  Institute  of— Vvoceedlugs  for  Nov.  1859.  4to. 
Britinh  Meteoroln,iical  Socittjf—YoilL,  Second,  Third,  Fourth,  and  Eighth  Ueportft. 

Svo,  185i-jU. 

Chamh&nt  <?.  F,  Etq,  M.Jt.L^R.  Jameson's  Sy item  of  Hmerslogy.    3  toIs. 

Pro  ISlfi. 

Dublin  Roml  Society — Journal,  No.  15.   8vo.  1859. 
£!rft«or»— Artizan,  for  Nov.  18.59.  4to. 

Athenfpuni  for  Nov.  1859.  4to. 

Eii^^^iiicer  for  Nov.  18.')9.  fol. 

Uorolotfical  Jounml,  No.  16.   8to.  1859. 

Joamalof  Gss-Lightiug  for  Nor.  1859.  4to. 

Mechanics'  Ma^azi.'ie  for  Nov.  1859.  8tO. 

Medical  Circular  for  Nov.  1859.  Svo. 

Practical  Mechanic's  Journal  for  Nov.  1859.  4to. 

Bevne  Photographique,  Nor.  1859.  8to. 
Fwaday,  Profess yr,  D.C.L  F./?.5.— R(?pertoire  de  Chimie,par  C.  Barretwil  <t 
A.Wurtz.    Nos.       U.    Svo.    Paris  1859. 

Th.  Dtt  Mouccl,  Expo&(^  des  Applications  de  rElectriciu-.  4  vols.   8vo,  Pa;is, 
1856-9. 

Fraiihlin  Insiitufe  rf  PcniiFy-i-ania — Journal,  Vol.  XXXVITI.    No.  4* 
Geographical  Society,  Hoyul — Proceedings,  No.  6.    Svo.  1859. 
GlaishcTt  Jame*,  J&o.  F.Ji  S. — Various  Meteorological  Papers.   8ro.  1856-8. 
Bamilion,  Capt.  A,  M»B.J,^htifdfu,  Denkmftler  aos  iBgyptan.  Letste  lieftroog. 

fol.  1859. 

Manning,  Fraierick,  iutg.  ilf.i^./.— Photographs  of  the  Birthplace  of  Sir  Isaac 
NeWtoD  sad  of  his  Statue  at  Gmntham,  1859. 

Maeki£,  S.  J.  Esq.  F.G.S.  (the  Editor)— The  Geologist,  Nov.  1859. 
Newton,  3f(Wsrs  — London  Journal  (Now  Scries),  for  Nov.  1859.  8vo. 
jS'ocello,  Mr.  {jlhe  Publisher)— The  Musical  Times  for  Nov.  1859.  4to. 
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AlTOJM,  A.  Eaq.  {th§  Ef/tVor)— MittheilangeD  ftnf  dem  Gesammtgebiete  dflt 

Geographie.    1859.    Heft  10.   4to.   Go&a,  1839. 
Tkol'  T  tjthic  Society — Journal,  No.  91.    8vo.  1859. 
M«mi  Hociet^     Zow/oa— Traosactioos,  Vol.  CXLIX.  Part  1.   4to.  1859. 
Flae««  of  5S45  Stare,  obsenred  fttmi  1828  to  1854,  at  the  Anuagh  Obwnratoiy. 

Bjr  the  Rev.  T.  R.  Robiosoo.   8to.  1859. 
TrmUtteftke  BriHtk  Muttum—IM  of  JSookiof  Beftrawe  in  the  Reeding^room. 

8TO.  1859i, 

OMogBB  vi  OrthoptefOQi  lateeli.  Put  t  with  Fhtai.  By  J.  O.  Weftwood. 
4to.  1859. 

Chtalogue  of  the  Coleopteroot  Imeeti  in  Madeim.  ^y  T.  V.  Wolhwtoo.  8m 

1857. 

Cblalagve  of  Hltpidn.  BTJ.&Balj.  8m  1858. 

Catalogue  of  Batrachia  Sa'icntia.    By  Dr.  A.  Gunther.    Plates.   8vo.  1858. 
Catalogue  of  Apodal  Fish.    By  Dr.  Kaup.   Plates.   8vo.  IS'*^. 
Guide  to  the  Systematic  Distribution  of  Molluaca.   By  Dr.  J.  1:^  Gray.  6vo. 
1857. 

Gatalogne  of  Mammalia  and  Birda  of  New  Gidnea.  %  J.  B.  and  G.  R.  Giay. 

8ro.  1S59. 

List  of  Lepidopterous  lusectfl.  By  F.  Walker.  Parts  9  to  18.  12mo.  1856-^. 
Galalogne  of  uymenopteroaa  Intectt.  By  P.  Smith.  Farts  5,  6,  7.  12m0b 

List  of  Houioptiiroua  Insects.    By  F.  Walker.    Suppk'inent.    l2ino.  1858. 
Catalogue  uf  O^leoptcrous  Insects.    Part  9.    By  C.  Btjhemaa.    12mo.  1809. 
Catalogue  of  Neuropterons  Insects.   By  Dr.  Ilagcn.   Parti.    12mo.  1858. 
Cat:i](  .-ae  of  British  FoMflrial  Hy meoopteta,  Fonnicidg,  and  Veipide.  J^F. 

Smith.    12mo.  1858. 
Catalogue  of  Colnbriuc  Snakes.    Bv  D:  .  A.  Guuther.    12mo.  1858. 
Catalogue  of  Birds.  By  G.  R.  Gray.   Part  8;  Seet.  2.   12mo.  1859. 
Catal.igTie  of  Mazatlan  Shelh.    Ky  P.  Carpenter.    12ttio.  1857. 
Catalogue  of  AuricniidsB,  Prtasexpimdse,  and  TroocateUidcc.    By  Dr.  L.  PfeifESer, 

l2mo.  1857. 

Unitid  Seri  i<    Institution — Journal,  No.  10.    8vo.  1859. 

Fmuif  sitr  JB^fikimmg  cfae  Chwer^fielem  ta  FramM-Julj  and  Aog.  1859.  Mo, 


1860. 


W££KLY  EVENING  MJi^ETINQ, 

e 

Friday,  Januaiy  20^  1860. 

Sek  Benjamin  Collins  Brodie,  Baut.  l^residcut  of  the  Eoyal  Society, 

Vice-President  XLI.  in  the  Chair. 

John  Tykd.4ll,  Esq.  F.R.S. 

PBOFKJrSOB  OF  KATinLl&  FBUOeOPHT  IX  TBZ  noiAL  USSTITCTIOI*. 

Oft  th0  Infiuemee  ^  Magnetic  F&ree  on  the  Eleetrie  Discharge. 

The  inte?it!o?i  nf  the  speaker  was  to  bring  before  \\w  mofting  a  series  of 
expenineiits  illustrative  of  the  constitution  of  the  electric  discharge  and 
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of  the  action  of  magnetism  upon  it.  Tlie  mihstanco  of  the  dismurae 
was  derived  iVoin  the  researches  of  vnrions  phiiusophers,  its  form  being 
regulated  to  buii  the  refjuirements  ol  the  audience. 

1.  The  influence  of  the  transport  of  jjurticles  was  first  shown  by  aii 
experiment  suggested,  it  was  believed,  by  Sir  John  Herschel,  and  per- 
formed bj  PlrofeMor  Baniell.  Hm  earboa  tflrminals  of  a  batteiy  of 
40  oelb  of  Groye  were  brought  wiihiD  one-eigbth  of  an  indi  of  each 
other,  and  the  spark  from  a  Leyden  jar  was  eent  across  this  space. 
This  spark  bridged  with  carbon  particles  the  gap  which  had  previously 
existed  in  the  circuit, and  the  brilliant  electric  light  due  to  the  passage 
of  the  battery  current  was  immediately  displayed. 

2.  The  magnitied  linage  of  thf  coal  points  of  an  elortric  lamp  was 
projected  upon  a  white  screen,  and  the  distance  to  which  they  could  be 
drawn  apart  without  interrupting  the  current  was  noted.  A  button  of 
pure  silver  was  then  iutiuduced  in  place  of  the  positive  carbou,  a 
luminous  discliarge  four  or  five  times  the  length  of  the  former  being 
thus  obtained.  The  silver  was  first  obsenred  to  glow,  and  afterwards 
to  pass  into  a  state  of  violent  ebullition.  A  narrow  dark  space  was 
observed  to  surround  one  of  the  poles,  corresponding  probably  with 
the  dark  space  obserred  in  the  dlschaige  of  BahmlLoiSTs  coil  through 
rarefied  media.* 

3.  Tlie  action  of  a  magnet  upon  the  splendid  stream  of  green  light 
obtained  in  the  foregoing  ex])erinient  was  exhibited.  A  small  horseshoe 
mairnct  of  LofreiuHtui  was  Ciiused  to  approacli  the  light,  whicli  was 
bent  hither  and  tliiiher,  according  as  the  })oles  of  the  magnet  changed 
their  position  :  tlie  discharge  in  some  cases  formed  a  m^uificent  greeu 
bow,  whieh  on  the  farther  approach  of  the  magnet  was  torn  asunder, 
and  the  passiige  of  the  current  thereby  interrupted.  It  was  Davy 
who  first  showed  the  action  of  a  magnet  upon  the  voltaic  arc  The 
transport  of  matter  by  the  current  was  further  illustrated  by  a  series 
of  deposits  on  glass  obtained  by  Mr.  Gassiot  from  the  continued  dia* 
charge  of  an  induction  coil. 

4.  A  discharge  from  Kuhmkorft's  coil  wns  sent  thrrm'rh  an 
attrmiated  medium;  and  the  glow,  which  surrounded  the  negative 
electrode  was  referred  to.  Oiie  of  the  ni(»st  remarkable  effects  hitherto 
observed  was  that  ut  a  magnet  n\nm  this  negative  light.  Plucker  had 
shown  that  it  arranges  itself  under  the  influence  of  the  magnet  exactly 
in  the  direction  of  the-  magnetic  curves.  Iron  filings  strewn  in  space, 
and  withdrawn  from  the  a&on  of  giavitv,  would  arrange  themselves 
around  a  magnet  exactly  in  the  manner  of  the  negative  light 

An  electric  lamp  was  placed  epon  its  back  ;  a  honmhoe  magnet 
was  placed  horizontally  over  its  lens,  and  on  the  magnet  a  plate  of 
glass :  a  mirror  inclined  at  an  f\nfjle  of  4o°  received  the  beam  from  the 
l;iT7iy).  and  proiectetl  it  upon  the  screen.  Iron  fil'nifrs  "wpre  scnttcred  on 
the  glass,  and  the  magnetic  cun'es  thus  iilumiuated  were  maguiiied. 


*  ^Tr  r.inul  I  V  noticed  this  dark  stripe  while  the  speaker  wasmakii^  his  pre- 
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and  brought  to  daw  defiaitUm  upon  the  flcreen.  The  native  Bdit 
above  refened  to  ananges  itself,  aooordiog  lo  PlQc&eri  in  a  amOar 

manner. 

6.  The  rotation  of  an  electric  current  round  the  pole  of  a  magnet, 
di?'<'overofl  by  Mr.  Fsirndjiy  in  the  Royal  Institution,  nearly  forty 
years  ago,  was  next  shown  ;  and  the  rotation  of  ;i  hmiinous  current 
irom  an  induction  coil  in  an  exhautited  receiver  by  the  same  magnet 
was  also  exhibited,  and  both  shown  to  obey  the  same  laws*  This 
bcautilul  experiment  wius  devised  by  De  la  ilive. 

6.  Into  a  dieuit  of  20  cells  a  large  coil  of  copper  wire  was  intro- 
duced, and  wben  the  corrent  was  intenupted,  a  bright  spark,  due  to 
the  psMsge  of  the  extra  enrrent,  was  obtained.  The  brightness  and 
loudness  of  the  spark  were  augmented  when  a  core  of  soft  iron  was 
placed  within  the  coil.  The  disruption  of  the  current  took  plaee 
between  the  poles  of  an  electro-magnet;  and  when  the  latter  was 
excited,  an  extraordinnrv  augmentation  of  the  loudness  of  the  spark 
was  T)otic<Hl.  This  effect  was  first  obtained  by  Page,  and  was  for  a 
time  thought  to  denote  a  new  property  of  tlie  electric  current. 

But  Rijke  had  shown  in  a  paper,  the  interest  of  which  is  by  no 
means  lessened  by  the  modesty  with  wliich  it  is  written,  that  the  effect 
observed  by  Page  is  due  to  the  sudden  extinction  of  the  primary  spariL 
by  the  magnet;  whidi  suddenness  concentrates  the  entire  force  (^the 
extra  current  into  a  moment  of  time.  Speaking  figuratively,  it  was  the 
concentration  of  what,  under  ordinary  dreumstances,  is  a  mere  pushi 
into  a  sudden  kick  of  projectile  energy. 

7.  'Vhe  contact-breaker  of  an  induction  coil  was  removed,  and  a 
current  from  five  cells  was  sent  through  the  primary  wire.  The  ter- 
minals of  tiic  s(  (  oiiiiary  wire  being  brought  very  close  to  each  other, 
when  the  primary  was  broken  by  the  hand,  a  minute  spark  passed 
between  the  terminals  of  the  secondary.  When  the  disruption  of  the 
primary  was  effected  between  the  poles  of  an  excited  electro-magnet, 
the  amall  spark  was  greatly  augmented  in  brilliancy.  The  termmals 
were  next  drawn  nearly  an  inch  apart.  When  the  primary  was  broken 
between  the  excited  magnetic  poles,  the  spark,  from  the  secondary 
jumped  across  tliis  interval,  whereas  it  was  incompetent  to  cross  one- 
Ibnrth  of  the  space  when  the  magnet  was  not  excited.  This  result  was 
also  obtiiitHMl  by  Rijke ;  who  rightly  showed,  that  in  this  case  also  the 
augmented  energy  of  the  secondary  current  was  due  to  the  auLnncnted 
sp<'f*d  of  extinction  of  the  primary  8])ark  between  the  excitrU  ju»h>s. 
Thi.s  experiment  illustrated  in  a  most  forcible  manner  tlie  iniport4iiit 
influence  which  the  mode  of  bieakiug  contact  may  liave  upon  the 
efficacy  of  an  induction  coil* 

The  splendid  effbcts  obtained  from  the  dischaige  of  Ruhmkorff's 
coil  through  exhausted  tubes  were  next  referred  to.  The  presence  of 
the  coil  hsA  complicated  the  theoretic  views  of  philosophers,  with 
regard  to  the  origin  of  those  effects;  the  intermittent  action  of  the 
contact-breaker,  the  primary  and  secondary  currents,  and  their  mutual 
reactions,  producing  tertiary  and  other  currents  of  a  higher  order,  had 
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been  more  or  less  invoked  by  theorists,  to  nccount  for  tlie  eWvrts 
observed.  Mr.  Gassiot  was  the  first  to  urge,  with  a  water  batter)^  of 
3o00  cells,  a  volt.nic  spark  across  a  spnce  of  air,  he/ore  bringing  the 
electrodes  into  contact :  with  the  self-same  battery  he  had  obtained 
discharges  throngh  exhausted  tubes,  which  exhibited  all  the  pheno- 
mena hitherto  observed  with  the  induction  coil.  He  thus  swept  away  a 
fao«t  of  unneoessary  complicatioDs  which  had  entered  into  the  Rpecula- 
tions  of  theorists  upon  this  subject. 

8.  On  the  present  occasion,  throng^  the  kbdness  of  Mr.  Gassioty 
the  speaker  was  enabled  to  illustrate  the  subject  by  means  of  a  batteiy 
of  400  of  Grove's  cells.  The  tension  at  the  ends  of  the  battery  was 
first  shown  by  an  ordinary  gold  leaf  electroscope;  one  end  of  the 
b'»ttprv  being  insulated,  a  wire  from  the  other  end  was  connected  with 
liio  ( itciroseope  :  the  leaves  diverged  ;  on  now  connectinrr  the  other 
t'lul  (if  the  l)atii'ry  >\iih  the  earth,  tlie  tension  of  the  end  connected 
Willi  ihe  electruuieter  rose,  according  to  a  well-known  law,  and  iLc 
divergence  was  greatly  augmented. 

9.  A  large  receiver  (selected  from  Bfr.  Gassiot's  fine  collection^, 
in  which  a  vacuum  had  been  obtained  by  filling  it  with  carbonic 
add  gas,  eidiansting  it,  and  permitting  the  residue  to  be  absorbed  bj 
caustic  potash,  was  placed  equatorial ly  between  the  poles  of  the  large 
electro-magnet.  The  jar  was  about  six  inches  wide,  and  the  distance 
between  its  electrodes  w  is  tpti  Inches.  The  neg^ntivo  elrctrodes  con- 
sisted of  a  copper  dish,  four  inches  in  diameter,  the  positive  one  was  a 
brass  wire. 

On  tlic  Ifith  of  this  month  an  accident  occurred  to  this  iar.  ]\fr. 
Faraday,  Mr.  Gassiot,  and  the  speaker  had  been  observing  the  dis- 
charge of  the  nitric  acid  battery  throngh  it.  Stratified  dischams 
passed  when  the  ends  of  the  battery  were  connected  with  jthe  electrodes 
of  the  receiver ;  and  on  one  occasion  the  discharge  exhibited  an  extra- 
ordinary efiulgenoe;  the  positive  wire  emitted  light  of  dazzling  bright- 
ness, and  finally  gave  evidence  of  fusion.  On  interrupting  the  circuit, 
the  positive  wire  was  found  to  be  shortened  a))out  half  an  inch,  its 
metal  iiaving  been  scattered  by  the  discharge  over  the  interior  surface 
of  the  tube. 

10.  The  receiver  in  tliis  condition  was  placed  before  the  audience 
in  the  position  mentioned  above.  When  the  ends  of  the  400-cell 
battery  were  connected  with  the  wires  of  the  receiver,  no  discharge 
passed;  but  on  touching  momentarily  with  the  finger  any  portion  of 
the  wire  between  the  positive  electrode  of  the  receiver  and  the  positive 
pole  of  the  battery,  a  brilliant  discharge  instantly  passed,  and  continued 
as  long  as  the  connexion  with  the  battery  was  maintained.  This 
experiment  was  several  times  repeated  :  the  connexion  with  the  ends 
of  the  battery  w  is  r>nt  snfTirient  to  produce  the  discharge,  but  in  all 
eases  t)ie  touching  of  the  positive  wire  caused  the  discharge  to  Hash 
Uirougli  the  receiver. 

Previous  t(j  the  fusion  of  the  wire  above  referred  to,  this  discharge 
usually  exhibited  fine  stratification  :  its  general  cliaracter  now  was 
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duii  of  a  steady  glow,  thmig|i  which,  however^  intennitteDt  Imnin- 
oof  gQBhes  took  place,  eaSi  of  trhioh  presented  the  stratified 
appeaianoe.* 

1 1.  On  exciting  the  magnet  between  whose  poles  the  receiver  was 
placed,  the  steady  glow  carved  up  or  down  according  to  the  polarity 

of  the  magnet,  and  resolved  itself  into  a  series  of  effulgent  transverse 
Imrs  of  light.  Thrse  appeared  to  travel  from  tlie  positive  wire  along 
the  surface  of  the  jar.  The  deflected  lumiuoua  current  was  finally 
extinguished  hy  the  action  of  the  magnet. 

12.  When  the  circuit  of  the  magnet  was  made  and  immediately 
interrupted,  the  appearance  of  the  discharge  was  extreuiely  sii^gular. 
At  first  the  strata  rushed  from  the  positive  electrode  along  the  upper 
sorfiioe  of  the  jar,  then  stopped,  and  appeared  to  return  npon  their 
former  track,  and  pass  saccesslvely  with  a  deliherate  motion  into  the 
poeitiTe  electrode.  They  were  perfectly  detached  from  each  oAer ; 
and  their  snccessive  engulphments  at  the  positive  electrode  were  so 
slow  as  to  be  capable  of  being  counted  aloud  with  the  greatest  ease. 
This  deliberate  retreat  of  the  strata  towards  the  positive  pole  was  due, 
no  doubt,  to  tlie  gradual  subsidence  of  the  power  of  the  magnet. 
Anihcial  means  iniffht  probably  be  devised  to  render  tli(^  i  <  C(  ssion  of 
tne  di«Mi*«r<z:e  still  slower.  The  rise  of  power  in  the  magnet  was  also 
beautitull)  indicated  by  the  deportment  of  the  cnrrent. 

Alter  the  current  had  been  once  quenched,  as  long  as  the  magnet 
remained  excited,  no  discharge  passed :  but  on  breaking  the  magnet 
drcnit,  the  Inminous  glow  reappeared.  Not  only  then  is  there  an 
action  of  the  magnet  upon  the  particles  transported  by  an  electric 
current,  but  the  above  experiment  indicates  that  there  is  an  action  of 
the  magnet  upon  the  electrodes  themselves,  which  actually  prevents 
the  escape  of  their  particles.  The  influence  of  the  magnet  upon 
the  electrode  would  thus  appear  to  be  prior  to  the  passage  of  the 
current. 

13.  The  discharge  of  the  battery  was  finally  sent  through  a  tube, 
whose  platinum  wires  were  terminated  by  two  small  balls  of  carbon  : 
;i  frlow  was  tirst  produced  ;  but  on  heating  a  portion  of  the  tube  con- 
tuinnig  a  stick  of  caustic  potiish,  the  positive  ball  sent  out  a  luminous 
protrusion,  which  subsequently  detached  itself  from  the  ball ;  the  tube 
beoomiug  instantly  afterwards  filled  with  the  most  brilliant  strata. 
There  can  be  no  doubt  that  the  superior  jeffulgence  of  the  bands 
obtained  with  this  tube  is  due  to  the  character  of  its  electrodes:  «As 
handt  are  the  transported  matter  of  these  electrodes.  May  not  this  be 
the  case  with  other  electrodes  ?  There  appears  to  be  no  uniform  flow 
in  nature ;  we  cannot  get  either  air  or  water  through  an  orifice  in  a 
uniform  stream  ;  the  friction  against  the  orifice  is  overcome  by  starts, 
and  the  jet  issues  in  pulsatioTfS.  Let  a  lighted  candle  be  quickly 
passed  througli  tlie  air  ;  tlie  flame  will  break  itself  into  a  beaded  line 
ill  virtue  of  a  similar  intermittent  action,  and  it  may  be  made  to  sing, 
so  regular  «tie  the  pulses  produced  by  its  passage.  Analogy  might 
lead  us  to  suppose  that  the  electricity  overcomes  the  resistance  at  the 
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surface  of  its  electrode  in  a  similar  manner,  escaping  from  it  In 
tremors ;  the  matter  which  it  carrier  along  with  it  beiDg  broken  1^ 
iuto  strata,  as  a  liquid  vein  is  broken  into  drops.* 

[J.  T.] 


Wljiiia£LY  EVENING  MEETING, 

Friday,  January  27,  1860. 

SiK  Hbnry  HoLiANO,  Bart.  M.D.  F.R.S,  Vice-rresident, 

iu  the  Chair. 

Paofessor  Owen,  D.C.L.  F.R.S. 
Fvzunuir  nonaaou  or  ramoLooT  in  tub  botai.  iKnrrunox. 

On  tlu!  Cereifral  tSysUm  of  Classification  of  the  Mammaiiom 

TuK  speaker  commenced  with  a  brief  rev  It w  of  the  principal  systems 
which  naturalists  had  proposed  for  the  Classilit  ation  of  the  Mammalia, 
dwelling  more  particularly  on  the  fotlowing,  viz. : — ^that  which,  ou  the 
erouod  of  certain  geoenuiflations  in  the  *  Hlstoria  Animaliani,'  had 
been  attributed  to  Aristotle ;  on  the  scheme  published  by  Ray,  in  his 
<  Synopsis  Methodica  Anlmalium  Quadrupeduum,  1693';  on  the 
classification  [nlopted  by  Liimaeus  in  the  12th  edition  of  the  *  Systems 
Natune,  ;  and  on  that  in  the  2nd  edition  (1B29>  of  Cuvier'a 

*  Kejijne  Animal.* 

Thn  Ari^^totelian  generalisations  on  the  stnictures  and  characters 
of  the  loeotiHitive  organs,  jis  well  as  those  on  the  dentition,  of  the 

*  Zootoka,'  had  continued  to  be  used  as  the  groundwork  of  the  i)riniiiry 
division  of  the  mammalian  class  to  the  time  of  Cuvier.  The  chief 
merit  of  Ray's  system  was  its  exemplification  of  the  principle  of  the 
sabordination  of  characters,  or  of  their  di£forent  values  as  applicable 
to  groups  of  difiSsrent  degrees  of  generalisation.  The  great  st^  in 
advance  made  by  Linnsus,  was  his  accurate  definition  of  the  class,  and 
his  perception  of  the  significant  outward  chafucter  which  suggested  the 
appropriate  term  which  the  chiss  lias  since  retained. 

Cuvier,  adoptitig  the  Linua^an  primary  divisions,  *  Unguiet(hit(f* 
^Uncfnlnta^  and  *  MutivatOy  or  ^Cetarea,*  subdivides  them  into  more 
naturally  defined  orders,  n(  cording  to  various  characters  afforded  by 
the  dental,  osseous,  generaliN  e,  and  ioeoniotive  systems,  which  his  great 
anatomical  knowledge  had  made  known  to  him. 

That  heterogeneous  order  which  Linnsraa —  prepossessed  in  fitvoor  of 
the  easily  recognisable  outward  character  by  which  be  distinguished  the 


*  Mr.  Gaaaot  has  diown  that  a  single  discharge  at  the  Leydsn  jar  prodaoet  the 
strstificaiioo.  May  not  every  snch  duehargc  oorretpood  to  a  single  dimw  of  a 
violhi  bow  aerosi  a  ttrhig  ? 
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ehw  had  characterised  by  the  ^  Mamnue  pectorales  hiruB:  dentee 
primores  incisores :  superiores  vr  parelleli,*  was  shown,  by  tlie  correla- 
tion of  anatonncrd  distinctions  with  the  threefold  modification  of  the 
limbs  of  the  Pnmutes^  to  be  divisible  into  as  many  distinct  oi  dirs. 
The  hands  on  the  upper  limbs  alone,  and  the  lower  limbs  destiin  d  (o 
sustain  the  trunk  erect,  characterised  the  order  Bimana,  the  equivalent 
of  the  Liuuaian  genus  Homo,  The  genus  Simia  of  Linnaeus,  with 
hands  on  the  foar  extremitiee^  became  the  order  QttadrwnoMa  cf 
Cavier.  The  genus  VegperHUo  irith  the  ^manus  palmatas  yolitantes* 
formed  the  group  ChtinpUra^  answeraUe  to  the  Dermaptera  of 
Aristotle. 

Hay  had  pointed  out  certain  viviparous  qnadnipeds  with  a  multifid 

foot  as  being  *  anomalous  species,*  instancing  as  such  '  the  tamandna, 
the  armadillo,  the  sloth,  the  mole,  the  shrew,  the  hedgehog,  and  the 
bat.'  The  first  three  species  are  associated  with  the  scaly  ant-eaters 
{3fanis)  of  Asia  and  Africa,  witli  the  Australian  spiny  ant-eatera 
(Echidna)j  and  wiih  Lite  more  strange  duck-moles  (^Oi-mtliorhyiichtts) 
of  the  same  part  of  the  world,  to  form  the  order  JSdentata  of  Cuvier, 
which  answers  to  that  called  BrtUa  by  laonsetts^  if  the  elephant  and 
walrus  be  remoTcd  from  it.  The  rest  of  Ran^s  *  anomalous  species^ 
exemplify  the  families  CheiropUra  and  Imectivora  of  the  Cuvierian 
system,  in  which  they  are  associated  with  the  true  Carniwira  in  an 
<^er  called  *  Carnassiers,'  answering  to  the  FeriB  of  LiiinoBus. 

Cuvier  had  early  noticed  the  relatioTi  of  the  Australian  pouched 
mainnials,  as  a  small  collateral  series,  to  the  unguiculate  mammals  of 
other  parts  of  the  globe ;  he  discerned  many  relations  of  mutual 
ailiuity  in  their  osseous  structure,  and  he  grouped  tiiein  together  under 
tlie  name  Marsupialia^  to  form  a  family  of  the  ^  Carnassiers  *  in  the 
first  edition  of  the '  B^e  Animal' :  and  he  raised  them  to  the  rank 
of  an  order  in  the  2nd  edition,  where  they  terminate  the  carnassial  or 
carnivorous  series  of  the  Ungmeulaia^  possessing  the  three  kinds  of 
teeth.* 

The  hoofed  animals  (Ungulata,  "  animaux  a  sabots  ")  are  binarfly 

divided  into  those  thnt  do,  and  those  that  do  not,  chew  the  cud  :  the 
former  cof^^'tituting  the  order  Pachydermata^  the  latter  that  of 
Rummantm, 

The  third  primary'  p'oup  or  subc  lass  of  Mammalia  is  indicated,  but 
without  receiving  any  name  distinct  from  that  of  the  single  order 
CetcKea  exemplifying  it  in  the  Cuvierian  system— an  order  which 
would  be  equivalent  to  the  MuHca  of  the  linnnan  system,  save  that 
the  MamiUe  which  Unnseus  placed  in  the  same  group  as  the  elephant 
Is  associated  with  the  whale  in  the  R^e  Animal. 

Important  as  was  the  improvement  which  the  Mammalian  system 
of  Cuvier  presented  on  previous  systems,  the  progress  of  anatomical 
and  pljysiological  knowledge,  mainly  stimulated  by  the  writings  and 
example  of  Cuvier  himself,  soon  beg&o  to  make  felt  the  defects  of  his 
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syitem.  These,  indeed,  were  early  saggested  by  the  Molts  of  the 
applicatton  of  the  characters  employed  by  Guvier  in  the  formatioii  of 
the  primary  and  secondary  groups  of  the  dass ;  the  sloth,  for  example, 
was  placed  above  the  horse,  the  mole  above  the  lynx,  and  the  bat  above 
the  do^:  even  the  Omithorht/nchus  p(tradorus — shown  by  aocmato 
anatomical  scrutiny  to  be  the  most  reptilian  of  the  mammalian  clasflK— 
iiAos  precedence  of  the  colossal  and  sagadoiis  elephant  in  the  Cavierian 
scheme. 

The  question  of  the  truly  natural  and  eqtiivalent  primary  groupii 
of  the  class  had  been  kept  in  view  by  the  speaker  whenever  oppor- 
tunities occurred  of  adding  to  the  knowledge  of  the  auaLomy  of  the 
maimnalian  class,  aud  cs{>ecialiy  when  engaged  in  dissecting  any  of 
the  rarer  fonns  which  died  at  the  gardens  of  the  Zoological  Society  of 
London,  and  in  which  the  structure  of  the  brain  could  be  unnivelled. 

The  facts  so  acquired  gradually  impressed  a  conviction  that  the 
modifications  of  the  cerebral  organ  were  those  wliich  most  truly  indicated 
the  primary  groups  of  tlie  mammalia. 

Trior  to  the  year  1 886,  the  brain  in  Mammalia  was  supposed  to 
differ  from  that  hi  all  other  vertebrate  animals  by  the  presence  of  the 
largf*  mass  of  transverse  white  fibres,  called  *  corpus  callosuin/  by  the 
anthropotoniist ;  wliich  fibres,  overarchino^  the  ventricles,  '.md  divcr^jing 
as  they  penetrate  the  siibstaiu  e  of  eitiier  hemisphere  of  tlic  rcrcbrum, 
bring  every  convolution  of  the  one  into  communication  with  tiiuse  of 
the  other  hemisphere,  whence  the  other  name  of  this  part — the  *  great 
commissure.*  In  tiiat  year  Prof.  Owen  discovered  that  the  brain  of 
the  luingaroo,  the  wombat,  aud  some  other  marsupial  quadrupeds, 
wanted  the  *  great  commissure ; '  and  that  the  cerebral  hemispheres 
were  connected  together,  as  in  birds,  only  by  the  '  fornix  *  and  *  anterior 
commissure.*  Soon  afterward^  he  liad  the  opportunity  of  determining 
tliat  the  same  deficiency  of  structure  prevailed  in  the  OmitharJ^^hmi 
and  Echidna,  Since  many  other  modifications  of  structure,  more  or 
less  akin  to  those  characterizing  birds  and  reptile  were  found  to 
be  associated  with  the  :ihove  oviparous  type  of  bmin,  together  with 
some  remarkable  peculiarities  in  the  rronomy  of  reproduction,  he 
then  had  sn  nrprpsted  that  the  Mammalia  might  be  divided  into  *  placental' 
and  *  imphictiitid.* 

Impressed,  however,  with  the  fact  that  such  binary  division,  like 
that  wliich  might  be  based  upon  the  leading  differences  of  dentition, 
was  too  unequal  to  be  natural,  and  other  modifications  of  the  mam- 
malian brain  being  (bund  to  be  associated  with  concurrent  conditions 
of  other  or^ns,  the  spealcer  had  subsequently  proposed  a  Ibur-fold 
primacy  division  of  the  Mammalia,  based  upon  four  leading  types  or 
conditions  of  the  cerebral  structure  in  that  class. 

The  first  or  lowest  modification  is  that  in  which  tlie,  cerebral 
hemispheres  of  small  relative  sise  and  simple  exterior,  are  connected 
togetiier  only  by  the  anterior  commissure  and  fornix. 

The  second  is  that  in  which  the  great  commissure  or  'corpus 
callosum  *  is  superadded,  without  any  other  advance  in  the  deveiop- 
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ment  of  the  hemlsplieiw ;  wbicih  m  extoriorly  smooth,  or  wiUi  few 

ooDvolutions,  and  not  extended  backward  over  the  cerebellimL 

The  third  u  that  in  which  the  cerebral  henoispheres  shoWy  with  the 

corpus  cnllosum,  an  increased  size,  extending  backward  more  or  less 
upon  the  cerebellum,  and,  save  in  a  few  cnses  in  which  the  size  of  the 
mammal  is  small,  having  the  exterior  surface  convoluted. 

The  fourth  modification  exhibits,  with  all  the  preceding  complica- 
tions, a  marked  and  sudden  augmentation  in  the  relative  and  aiisulute 
size  of  the  cerebral  hemispheres,  which  now  extend  above  and  beyond 
the  cerd>ellaiii,  and  have  a  posterior  lobe,  with  a  posterior  bom  of  the 
lateral  ventride,  and  a  'hippocampus  muHv/  and  which  have  the 
gray  exterior  matter  increased  by  numerous  and  deep  convolutions. 

'The  mammals  exemplifying  the  lowest  types  of  brain,  were  called 
Ltencepuala,*  from  the  comparatively  loose  or  disconnected  state  of 
the  cerebral  hemispheres :  they  are  unguiculate  :  some  have  the  *  optic 
lobes'  simple,  others  partly  subdivideid ;  the  lobes  being  then  called 

•  bigeminal  bodies.' 

The  Ltescephala  with  simple  optic  lobes  are  *  edentulous*  or 
without  calcified  teeth,  and  are  devoid  of  external  ears,  scrotum, 
nipples^  and  marsuidal  pooch :  thqr  <ure  true  '  testiconda : '  they  have 
a  ooraooid  bone  extending  from  the  scapula  to  the  sternum,  and  also 
an  epiooracoid  and  epistemum  as  In  Lizards :  they  are  unguiculate 
and  pentadactyle,  with  a  supplementary  tarsal  booe  supporting  a 
perforated  spur  in  the  male.   The  order  so  characterized  is  called 

*  >rovoTREMATA,*  in  reference  to  their  single  excretory  and  generative 
outiat.  It  includes  two  genera — Echidna  and  Ornit/ior/ii/nchns. 
Of  the  first,  the  species  nre  terrestrial,  insectivorous,  chieHy  myrmeco- 
phagous,  having  tlie  beak-llkc  .-,1*  luli  r  jaws  and  long  Cylindrical  tungue 
of  the  true  anteaters ;  but  they  aie  covered,  iikc  the  hedgehog,  with 
spuaes.  Of  the  second  genus,  the  species  are  aquatic,  with  a  flattened 
beah,  like  that  of  a  dmSs^  which  is  used  in  the  anserine  manner  to 
extract  inseets  and  wwms  from  the  mud :  but  they  are  clothed  with 
a  close  fine  fur  like  that  of  a  mole,  whence  the  name '  duck-mole '  by 
which  these  anomalous  quadrupeds  are  commonly  known  to  the 
colonists.  Both  genera  of  Monotremes  are  strictly  limited  to  Aostialia 
and  Tasmania. 

*The  LtENCRpnALA  with  divided  optic  lobes,  forming  the  *  corpora 
bigemina'  and  *  quadrigeniina  '  of  anthropotomibts,  have  teeth,  and  with 
rare  exceptions,  the  three  kinds,  viz.  incisors,  canuies,  and  molars. 
They  are  called  the  Marsupialia,  because  they  are  disiiu^uisiied 
by  a  peculiar  pouch,  which,  in  the  female,  contains  the  nippfes  and 
miters  the  young  for  a  certain  period  aflter  their  birth :  both  sexes 
have  the  marsupial  bones  in  common  with  the  Monotremes;  a 
much  varied  denition,  especially  as  regards  the  number  oif  incisors, 
hut  usually  including  four  true  molars ;  and  never  more  than  three 
pfemolaiB :  the  angle  of  the  lower  jaw  is  more  or  less  inverted. 


Avctr,  to  loose ;  i/xcf  aAo; ,  biain* 
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With  the  exception  of  one  genus,  Didel^th^f  which  is  American, 
all  the  known  existing  Marsupials  belong  to  Austniliay  Tasmania, 

New  Guinea,  and  its  adjacent  isles,  where  the  order  is  represented  by 
the  genus  Cmcus  only.  The  grazing  and  browsing  Kanjiraroos  are 
rarely  seen  abroad  in  full  daylight,  save  in  dark  rainy  weatlur.  Most 
oi  tlie  Marsupialia  are  nocturnal.  Zoological  wanderers  in  Australia, 
viewing  its  plains  and  scanning  its  scrubs  by  biuud  daylight,  are 
Struck  by  the  seeming  absence  of  mammalian  life  ;  but  during  the  brief 
twilight  and  dawn,  or  by  the  light  of  the  moon^  numeroos  fonns  are 
seen  to  emerge  from  their  luding-plaoes  and  tUttstrate  the  variety  of 
maisapial  life  with  which  many  parts  of  the  continent  abroad.  We 
may  associate  with  their  low  position  in  the  mammalian  scale  the 
prevalent  habit  amongst  the  Marsupialia  of  limiting  the  exercise  of 
the  faculties  of  active  life  to  the  period  when  they  are  shielded  by  the 

obscurity  ol"  night. 

The  second  type  of  brain,  is  exemplified  by  the  mammalia  wliich 
constitute  the  order  Rodentia.  Insectirora^  Cheiroptera^  and  liruta  i 
they  are  grouped  togetlier,  in  tiie  cerebral  scheme  of  classification, 
under  the  name  LnsBVCBPHALA,*  having  refmnce  to  the  smooth 
tmoonvolnted  extorior  of  the  brain* 

The  Bodkhtia  are  characterized  bv  two  large  and  long  curved 
incisors  in  each  jaw,  separated  by  a  wide  interval  from  the  molars ; 
the  teeth  being  so  constructed,  and  the  jaw  so  articulated,  as  to  effect 
the  reduction  of  the  food  to  small  particles  by  acts  of  rapid  and 
continued  gnawing,  whence  the  name  of  the  order.  The  orbits  are 
not  separated  from  tlio  temporal  fossse.  The  male  glands  i)ass  peri- 
odically from  the  iilulumen  into  a  temporary  scrotum,  and  are  asso- 
ciated witii  prostatic  and  vesicular  glands.  Tlie  placenta  is  commonly 
discoid,  but  is  sometimes  a  circular  mass  (Cavy),  or  flattened  and 
divided  into  three  or  more  lobes  (Lepus).  The  Beaver  and  Capybara 
are  the  giants  of  the  order,  which  diiefly  consists  of  small,  numerous, 
prolific  and  diversified  unguicniate  genera,  subsisting  wholly  or  in 
part  on  vegetable  food.  Some  Rodents,  e.  g.  the  Lemmings,  perform 
remarkable  migrations,  the  impulse  to  which,  unchecked  by  dangen 
or  any  surmountable  obstacles,  seems  to  be  mechanical.  ^lany 
Rodents  build  very  artificlMl  nests,  and  a  few  manifest  their  con- 
structive instinct  in  association.  In  all  tht»se  inferior  physical 
mstiifestations  we  are  reminded  of  Birds.  I\Iany  Kodents  hibernate 
like  Reptiles.  They  are  distributed  over  all  continents.  About  two- 
thirds  01  the  known  species  of  MammaHa  belong  to  the  Rodent  order. 

The  transition  from  the  Marsupisls  to  the  Rodents,  seems  to  be 
made  by  the  Wombats ;  but  the  Marsupials  graduate  more  closely  by 
the  smaller  Opossums  to  the  IxsnrnvoBA.  This  term  is  given  to  the 
order  of  small  smooth-brained  Mammals,  indudmg  the  lledgehogs. 
Moles,  and  Shrews,  the  molar  teeth  of  which  are  bristled  with  cusps, 
and  are  associated  with  canines  aud  incisors :  they  are  unguiculate. 
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plantigrade,  and  pentadactyle,  and  they  have  complete  cilaTieles. 

Like  Rodents,  they  are  periodical  testiconda,  and  hav(>  !r\rge  prostatic 
and  vesicular  glands  :  like  most  other  Lissencrphala,  the  Inscctivora 
have  a  discoid  or  cup>siiaped  placenta.  'Vhvy  d  >  not  exi^t  in  South 
America  and  Australia;  their  office  in  these  coiitiiiriits  tultilled  hy 
>i  ;trv]i|)ialia  :  but  true  Insectivora  abound  in  ail  the  other  coutiutiuts 
auii  tiieir  contiguous  islands. 

The  order  Cheiboptera,  with  the  exception  of  the  modification 
of  thdr  digits  for  supporting  the  large  webs  that  aenre  as  wings, 
repeat  the  chief  chaiaeten  of  the  Insectivora :  a  few,  however,  of 
the  larger  species  are  frugivoroos  and  have  corresponding  modifications 
of  the  teeth  and  stomach.   The  mamma  are  pectoral  in  position. 

The  most  remarkable  examples  of  periodically  torpid  Mammals 
are  to  be  found  in  ♦he  terrestrial  and  volant  Insectivora.  The  frugi- 
vorons  Bats  diitt  r  much  in  dentition  from  the  true  Cheiroptera,  arid 
would  seem  to  conduct  through  the  Colugos  or  Flying  Ltnims, 
directly  tu  the  Quadiunuiuous  order,  from  which,  in  Uulion's 
hypothesis  of  degeneration,  they  might  be  derivatives.  The  Chei- 
roptera are  cosmopolitan. 

The  order  Bbdta,  caQed  Edentata  by  Cnvier,  includes  two  genera 
{Mjfrmeet^ha^  and  Mam$)  which  are  devoid  of  teeth;  the  rest 
possess  those  organs,  which,  however^  have  no  true  enamel,  no  fimss 
or  roots,  are  never  dhsplaced  by  a  second  series,  and  are  very  rarely 
implanted  in  the  premaxillar}'  bone«s.  All  the  species  have  very  long 
and  strong  claws.  The  ischium  as  well  as  the  ilium  unites  with  the 
bacrum ;  the  orbit  is  not  divided  from  the  temporal  foisa.  The  Three- 
toed  Sloths  {Bnnlypus)  manifest  their  afflnity  to  the  oviparous 
Vertebrata  by  the  su]>eruumerary  cervical  vertebrte  supjwrting  false 
ribs  and  by  die  convolution  of  the  windpipe  in  the  thorax ;  and  the 
unusual  number — ^three  and  twenty  pairs— <of  ribs,  formii^  a  very 
long  doisal,  with  a  short  lumbar,  region  of  the  spine,  in  the  Two-toed 
Sloth  ( Chokeput),  recalls  a  lacertine  structure.  The  same  tendency 
to  an  inferior  type  is  shown  by  the  abdominal  testes,  the  single  cloacal 
outlet,  the  low  cerebral  development,  the  absence  of  medullary  canals 
in  the  long  bones  in  the  Slotlw.  and  by  the  great  tenacity  of  life  and 
*  long-enduriug  irritability  of  the  muscular  iibre,  in  both  tiie  Sloths  and 
Ant-eaters. 

The  order  Brutu  is  i)ut  scantily  represented  at  the  present  period. 
One  genus,  Manis  or  Pangolin,  is  common  to  Asia  and  Africa  \  the 
Orfcierapuf  is  peculiar  to  South  Africa ;  the  rest  of  the  order,  con- 
sisting of  the  genera  3fyrmeeophagay  or  true  Anteaters,  Dcutypm  or 

Armadillos,  and  Bradypus  or  Sloths,  are  confined  to  South  America. 

Having  defined  the  orders  into  which  the  Lissencephala  were  sub- 
divided, the  speaker  adduced  his  evidences  of  the  more  truly  natural 

character,  nofwitlistanding  the  diffcrenc's  of  form,  structure,  and  hrihits, 
of  this  primary  group,  than  could  be  afhrmed  of  the  '  T'nguiculita  '  of 
the  Lirmtean  and  Cnvierian  systems  and  sunuiM  1  up.  iu  recapitulation, 
the  fol [owing  as  amon<xst  the  niore  reni;iikuhie  indications  of  their 
affinity  to  the  Ovipuroua  Vciicbraia  iu  particular  orders  or  genera  of 
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the  subclasd.    Such,  e.g.^  were  the  cloaca,  convoluted  trachea,  super- 
numerary cervical  vertebrse  and  their  floating  ribs,  in  the  Three-toed 
Slotli ;  the  numerous  truuk-ribs  in  the  Two-toed  Sloth  ;  the  irrita- 
bility of  the  muaeiilar  fibre,  and  persisteDoe  of  contractile  power  in 
th«  Sloths  and  aome  other  Brota ;  the  long,  sleuder,  beak-lihe 
edentulous  jaws  and  gioard  of  the  Anteatera ;  the  imbricated  scales 
of  the  equally  edentulous  Pangolins,  which  have  both  gizzard  and 
gestric  glands  like  the  proventricular  ones  in  birds ;  the  dermal  bony 
armour  of  the  Arniadillosi  like  that  of  loricated  Saurians;  the  quills 
of  the  Porcupine  and  Hedgehog:  the  brilliant  iridf^st^-'^tit  colon i-s  of 
the  fur  of  the  Cape-mole  {Chri^soc/iiora  at/rca) ;  the  proventricuius 
of  the  Dormouse  and  lieaver;  the  prevalence  of  disproportionate 
developuient  of  the  hind  limbs  in  the  Rodcntia ;  coupled,  in  the 
Jerboa,  with  confluence  of  the  three  chief  metatarsals  into  one  bone, 
as  In  birds ;  the  keeled  sternum  and  wings  of  the  Bats ;  the  aptitude 
of  tiie  Ckeiraptera^  Imedhora^  and  certain  RodenHa  to  fell,  like 
Reptiles,  into  a  state  of  true  torpidity,  associated  with  a  corresponding 
Acuity  of  the  heart  to  circulate  carbonized  or  black  blood  :-^these, 
and  the  IUlo  indications  of  coaffinity  with  the  Ltescepeala  to  the 
Oviparous  air-l>r<  afhing  Vertebrata,  had   niairdy   prevailed  with 
Professor  Owen  against  an  acquiescence  in  the  elevation  of  diiierent 
groups  of  the  La^^^aycKruALA  to  a  hiidier  place  in  the  Mammalian 
series,  and  in  their  respective  uMsuciatiun,  through  some  single  charac- 
ter, with  better-brained  orders,  according  to  Mammalogical  systems 
which,  at  di^rent  times,  have  been  prop<^ed  by  zoologists  of  desenred 
reputation.   Such,  s.^.,  as  the  association  of  the  long-dawed  Bruta 
with  the  Ungulaia^  and  of  the  shorter-clawed  Shrews,  Moles,  and 
Hedgehogs,  as  well  as  the  Bats,  with  the  Carmvcra ;  of  the  ^otlis 
with  the  Quadrumana  ;  of  the  Bats  with  the  same  .high  order  ;  and 
of  the  Insectivora  and  Rotlcntia  in  immediate  sequence  after  the 
Linnean  *  Primates,*  as  in  the  la f ost  pubiislied 'System  of  Maouua* 
logy,*  from  a  distinguished  French  a;ulii>r. 

So  far  as  their  ordinal  affinities  are  kiiown,  the  most  ancient  Mam- 
mals, the  fossil  remains  of  wliich  have  been  found  in  secondary  strata, 
are  either  ly-  or  liss-enoepbalous,  and  t»elong  either  to  the  Marsvpialia 
or  the  ItueetivoTa* 

Th»  Mammals  exemplifying  the  third  type  of  brain,  were  called 
Gfrencephala^*  in  reference  to  the  commonly  unvoluted  exterior  of 
the  cerebral  liemispheres :  but  the  more  general  character  was  the 
larger  proportion  of  these  ])rtrtSy  as  exemplified  in  the  small  smooth- 
brained  Monkeys  and  Lemurs. 

The  G TnEsrEPUALA  are  primarily  subdivided,  accordinji  to  modifi- 
cations of  the  locoinoiive  organs,  into  three  series,  for  wlucii  the  Lin- 
nean terms  may  well  be  retained  ;  viz.,  Mulilala,  l/ngulatUf  SLud  Un^* 
guiculaia,  the  maimed,  the  hoofed,  and  the  clawed  series. 

These  limb-characters  can  only  be  rightly  applied  to  the  gyren- 
eephrious  subclass ;  they  do  not  indicate  natural  groups,  save  in  that 
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wcdon  of  the  1\raniiiialia.  To  associate  the  Ltbxcepuala  and  LisseX' 
CEiSALA  with  the  unguicalate  G yRENCEVBALA  into  one  great  primary 
group,  appeared  to  the  speaker  to  be  a  misapplicatioa  of  a  solitary 
dmoler,  akio  to  that  whioh  would  have  founded  ft  primary  dividon 
00  the  dimid  placenta  or  the  diphyodont  dentition.  Ko  one  bad 
pn^Njaed  to  aaaociate  the  ungulcnlate  Bird  or  Lizard  with  the  ungui* 
eolate  Ape ;  and  it  was  bat  a  little  less  violation  of  natural  affinities 
lo  SMieMite  tlie  Monotremes  with  the  Qnadrumanes  in  tlM  same  pri- 
mary (iingoicolate)  diTision  of  the  Mammalian  class* 

The  three  primary  divisions  of  the  G YiiEycKi'UAi,A  were  of  higher 
value  tlian  the  ordinal  divisions  of  the  Lissescei'iiala;  just  as  those 
orders  were  of  higher  value  than  the  representative  families  of  the 

LzEXCtPHAIA. 

The  Muitlalii^  or  the  maimed  Mamnials  with  folded  brains,  are  so 
called  because  their  liitid  limbs  seem  as  it  were,  to  have  been  att)|)u- 
tated  ;  they  possess  only  the  pecloral  pair  of  limbs,  and  those  in  tlie 
form  of  fins:  the  hind  end  of  the  tronk  expands  into  a  broad,  horizoo- 
taUy  flattened,  caodai  fin.  Tliej  Iiave  large  brains  with  many  and 
deep  convolntions,  are  naked,  and  have  neither  ueck,  scrotimi,  nor 
esternal  ears. 

The  first  order,  called  CBrAcxA.  are  either  edentnlons  or  mono* 
phyodont,  and  the  latter  have  teeth  of  one  kind  and  usually  of  simple 
form.  Tliey  are  '  testicomhx,'  and  have  no  *  vesicula?  seminales.*  1  he 
niammsB  are  piidefuhil  ;  the  placentri  is  ditfusp<i  ;  the  kidneys  are  rrmch 
subdivided  ;  the  arteri.il  system  is  remarkable  tor  \  ast  and  complex 
*  piexuses/  covering  the  spinal  chord  and  Ihnng  the  iiitereostal  spaces 
turming  a  reservoir  of  arterial  bl(K)d  :  the  external  nosti  i Is — single  cr 
double — are  on  the  top  of  the  head,  and  called  spiracle  or,  blow- 
holes.' They  are  marine,  and,  for  the  most  part,  range  tlie  wide 
oceans ;  though  with  eertam  geographical  limits  as  respects  spec  es. 
The  *  right  whale'  of  the  nordiem  hemisphere  {^Baimiia  myUuetm) 
is  represented  by  a  distinct  species 'fi9ai«iMt  amdraUi)  in  the  southern 
hemisphere :  the  high  temperature  of  the  waters  at  the  equatorial  zone 
bars  the  migration  of  either  from  one  pole  to  the  other.  True  Cetacea 
feed  on  fishes  or  marine  animals. 

The  second  order,  called  Sibenia,  have  teeth  of  different  kinds, 
incisors  whlcli  are  preceded  by  milk  teeth,  and  molars  with  flattened 
or  ridged  crowns,  adapted  for  ve*j;etable  food.  The  nostrils  are  two, 
situated  at  the  iipjjer  part  (  f  the  snout;  the  lips  are  beset  with  stilf 
bristles  ;  tlie  mammie  are  ix^ctoral ;  they  are  '  lesticoiida/  but  iiave 
vesiculse  seminales.  The  Sirenia  exist  near  coasts  or  aj>cend  large 
rivers;  browsing  on  fuci,  water  plants,  or  the  grass  of  tiie  shore. 
There  la  m«ch  in  the  organiza^n  of  this  order  tliat  indicates  its  nearer 
affinity  to  members  of  the  succeeding  division,  than  to  the  cetaceous 
mder.  The  Dugongs  (Halieore)  inhabit  the  Red  Sea,  the  Malayan 
Arehipelago,  and  the  soundings  of  the  Australian  coasts ;  the  Manatees 
(MancUfis)  frequent  the  shores  of  tropical  America  and  Africa* 

In  the  Uttgtdaia  the  four  limbs  are  present,  but  that  portion  of  the 
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toe  which  touches  the  ground  is  incased  in  a  hoof,  whic  ii  blunts  its 
sensibiiily  and  deprives  the  foot  of  prehensile  power.  Wiih  ihe  limbs 
restricted  to  support  and  locomotion,  ttie  Uiigulata  have  no  clavicles: 
the  fore  leg  remaiiu  constantly  in  the  state  of  pronalioD|  and  iihey  feed 
on  yegetables, 

A  partiedar  order,  or  suborder,  of  this  group  is  indicated  In  fosiU 
remains  of  certain  South  American  genera,  6.  g.  Toxodou  and  Ncsodm^ 
with  long,  curved,  rootless  teeth,  have  a  partial  investment  of  enamel,  and 
witli  certain  peculiarities  of  cranial  structure  :  the  name  Toxoponti  a 
is  proposed  for  this  order,  all  the  representatives  of  which  are  extinct. 

A  second  remarkable  order,  most  of  the  nienibers  of  which  have 
also  passed  away,  is  characterized  by  two  incisors  in  the  furui  ut  lung 
tusks  ;  in  one  genus  (DinoUierium)  projecting  from  the  under  jaw,  in 
another  senus  (Elephas)  ftom  the  upper  jaw,  and  in  some  of  the 
■peeies  of  a  tiiird  genos  fJfoseodloii),  nom  both  jaws.  There  are  no 
eanines :  the  molarB  are  few,  lar^  and  tcansyersdy  ridged ;  the 
ridges  sometiniss  few  and  mammiilate,  often  namerous  and  with  every 
intermediate  gradation.  The  nose  is  prolonged  into  a  cylindrical 
trunk,  flexible  in  all  directions,  Inp^hlv  sensitive,  and  terminated  by  a 
preheiisiU'  appendage  like  a  iitiLrer  :  from  this  peculiar  organ  is  de- 
rived the  iiauie  1'kobos(  im  \  *i:iven  to  the  order.  The  feet  are  penta- 
dactyh  ,  ljut  the  toes  are  indicated  only  by  diviijions  of  the  hoof;  the 
placenta  is  annular  ;  the  uiammse  are  pectoral.  . 

Elephants  are  dependent  chieiiy  upon  trees  ^Dod.  One  epedes 
now  finds  the  eonditions  of  its  existence  in  the  ridi  foresta  of  tropicsl 
Asia  f  a  second  species  in  those  of  tropical  Africa.  These  are  all 
tiiat  now  remain  of  the  order  Pnhoieldiku 

Namerons  species  of  Mastodon  and  Elephant  roamed  in  pliocene 
times  in  warm  and  temperate  latitudes  of  America  and  Europe.  At 
a  later  or  pleistocene  period,  a  huge  elephant,  clothed  with  wool  and 
hair,  obtained  its  food  from  hardy  tr^s,  such  as  now  grow  in  the  6oth 
degree  of  north  latitude;  and  abundant  remains  of  this  £Irphas  pri- 
migeniiui  (as  it  has  been  prematurely  called,  since  it  was  the  last  of  our 
British  elephants)  have  been  found  in  temperate  and  high  nortlieni 
latitudes  in  Europe,  Asia,  and  America.  This^  like  other  Arctic  ani- 
mals, was  peculiar  in  its  fitmily  for  its  longitudinal  range.  The  Musk 
Bufislo  was  its  contemporary  in  England  tuid  Europe,  and  still  lingers 
in  the  northernmost  parts  oi  America. 

Both  the  proboscidian  and  toxodontal  orders  of  Ungulata  may  be 
called  aberrant  :  the  dentition  of  the  latter,  and  several  particulare  of 
the  orp-anizatioTi  of  the  I  vl'^pliaiit,  indicate  an  affinity  to  the  Jiudcntia  ; 
the  crauiuni  of  the  Toxodou,  like  that  of  the  Dinothere,  resembles  liiat 
of  the  Sirmia  in  it.s  remarkable  moditications,  • 

The  typical  Ungulate  quadrupeds  were  divided  by  the  speaker, 
according  to  the  odd  or<  even  number  of  the  toes,  into  FkansoDAC- 
TnA  and  ARUOBacmia :  the  single  hoof  of  the  horsey  the  triple  hoof 
of  the  tapir,  exemplify  the  first :  the  double  hoof  of  the  camel,  the 
qnadraple  hoof  of  the  hippopotamus,  exemplify  the  second. 

The  charactersof  these  piimary  divisions  were  given,  and  illustiated 
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if)  detail.  The  subdivisions  of  tha  Ofden  Perissodaetjfla  and  Ariio' 
(lactyUi  were  next  pointed  onf. 

A  well-marked,  and  at  the  present  day  extensive,  subordinate 
group  of  the  Aitiodii'  (yles,  is  called  JiUH^tHantid,  in  reference  to  the 
second  mastication  tu  wliich  the  fuud  is  subject  after  liaving  been 
swallowed ;  the  act  of  ruminatioD  requiring  a  peculiarly  complicated 
fonn  of  stomach.  The  Ruminants  have  the '  cloven  foot,'  i.e.  two  hoofed 
digits  on  each  foot  forming  a  symmetrical  pair,  as  by  the  deavage  of  a 
.single  hoof:  in  most  species  there  is  added  a  pair  of  small  supple- 
ncntary  hoofed  toes.  The  metacarpals  of  the  two  fanctional  toes 
coalesce  to  fotm  a  single  *  cannon-bone,*  as  do  the  corresponding  me- 
tatarsals. The  camel-tribe  have  the  iip]XT  it^rlsoi^  reduced  to  a  single 
pair ;  in  the  rest  of  the  runilnants,  the  upper  lucisurs  are  replaced  by  a 
callous  pad.  "^r he  lower  canines  are  contiguous  to  the  six  lower  inci- 
sors, and,  save  in  the  Camel-tribe,  are  similar  to  them,  lurniing  part  of 
the  same  tcrmiaal  series  of  eight  teeth,  between  which  and  the  molar 
series  tbere  is  a  wide  interval.  The  trae  molan  have  thdr  grinding 
sor&ee  marked  by  two  double  erescents,  the  convexity  of  which  is 
turned  inwards  in  the  upper  and  outwards  iu  the  under  jaw. 

Many  fossil  Artiodactyles,  with  similar  molars,  appear  to  have 
differed  from  the  Ruminants  chiefly  by  retaining  structures  which  are 
transitory  and  embrvonie  in  most  existing  Rnminants,  as,  e.(j.  upj)er 
incisors  and  canines,  first  premolars,  and  separate  metacar})al  and  meta- 
tarsal bon^ ;  these  among  the  lost  links  that  tmcp  connected  more 
intimately  the  Ruminants  with  the  Hog  and  Ilippupoumus.  The 
speaker,  pur^uiug  the  retrospect  of  the  twoiold  divisiou  of  Gyrencepliala 
as  neproBCBted  in  the  tertiary  geologicsl  series,  remsrked  that  it  was 
interesting,  in  ralatloa  to  the  needs  of  mankind,  to  find  that,  whilst 
some  groups  of  UirauLATAf  e,g,  the  Ferisaodaetyles  and  omnivoious 
Artiodactyles  had  been  gradually  dying  .'out,  other  giou])s,  e.^.  the 
RumiDanta,  had  been  augmenting  in  genera  and  species.  Most  inter- 
esting also  was  it  to  observe,  that  in  existing  Ungulates  there  is  a  more 
specialized  structure,  a  further  departure  from  the  general  type,  than 
in  their  representH lives  of  the  miocene  and  eocene  tertiary  periods  :  and 
that  such  later  and  less  typical  Mammalia  did  more  effective  service 
by  virtue  of  their  adaptively  modified  structures.  Tiie  llumiiiauts,  c.^., 
more  thoroughly  digest  and  assimilate  grass,  and  form  out  of  it  a  more 
nutritive  and  sapid  kind  of  meat,  than  did  the  antecedent  mora  typical 
.  and  less  specialized  non«ruminant  Herbivonu 

The  monodactyle  Hone  was  a  better  and  swifter  beast  of  draught 
and  burthen  than  its  tridac^le  predecessor  the  miocene  ffipparim 
could  have  been.  Tlie  nearer  to  a  Tapir  or  a  Rhinoceros  in  structure, 
the  further  would  an  equine  quadruped  be  left  from  the  goal  in  con* 
tending  with  a  modern  Kacer. 

The  geological  di>*triijution  of  the  existing  hoofed  mammalia  was 
next  touched  upon,  and  contrasted  with  that  of  the  extinct  forms. 

The  Ukguiculata,  as  restricted  in  the  cerebral  system  of  the 
Msmmalia,  form  the  third  division  of  theGruxircspUALA,  They  enjoy 
a  higher  degree  of  the  sense  of  touch  than  the  Uwoitlata  through  the 
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greater  number  and  mobility  of  the  digits  aod  the  smaller  extent  to 
wliich  they  are  covered  by  homy  matter.    This  substance  forms  a 

single  plate,  in  the  shupp  nf  w  claw  or  rfnil.  which  is  applied  to  only  one 
of  titt'  surfaces  of  the  cxtrt  inity  of  the  digit,  leaviug  the  other,  usually 
the  lower,  surface  possesscil  ol  its  tnctile  faculty. 

All  the  species  are  *  diphyodont,'*  and  the  teeth  iiave  a  aimple 
iuvestmeitt  of  enamel. 

The  fint  order,  CAumroEA,  indadea  the  beasts  of  prey,  properly 
so  called.   With  the  exception  of  a  few  Seals  the  iocisoni  are 

^ — ^  in  number  j  the  canines  y^^'  ^l^'*^ys  longer  than  the  other  teeth, 

and  usually  exhibiting  a  full  and  |ierfect  development  as  lethal 
weapons  ;  the  molars  graduate  from  a  trenchant  to  a  tuberculate  form, 
in  prnporrinn  rts  the  diet  deviates  from  one  strictly  of  flesh,  to  one  of  a 
more  iiiitct  lhiiipuus  kind.  Tlie  clavicle  is  rudimental  or  absent  ;  the 
innermost  digit  is  often  rudimental  or  absent  ;  tliey  liuve  no  vesicuiae 
seminales  ;  the  teats  are  abdominal  \  the  placenta  is  zonular. 

The  Carnivora  are  divided,  according  to  modifications  of  the  limbs, 
into  < pinnigrade,'  'plantigrade,'  and  'digittmde'  tribes.  In  the 
Flnnigndes  (Walras,  Seal-tribe)  both  fore  and  hind  feet  are  short,  and 
expanded  into  broad,  webbed  paddles  for  swimming,  the  hinder  ones 
being  fettered  by  continuation  of  integument  to  the  tail.  In  the 
Plantigrades  (Bear-tribe)  the  whole  or  nearly  the  whole  of  the  hind 
foot  forms  a  sole,  and  rests  on  the  gronnd.  Tii  the  Digitigrndes  (Cat- 
tribe,  Dog;. tribe,  d&c)  only  the  toes  touch  the  ground,  the  heel  being 
much  raised. 

The  principle  of  the  more  specialized  character  of  actual  organisa* 
tious  receives  illustration  in  tlie  genetic  history  of  the  present  order. 

The  genera  FdU  and  JfiuAairodvs,  with  their  curtailed  and  other- 
wise mooMed  dentition  and  thdr  strong  short  jaws,  become,  thereby, 
more  powerfulW  and  effectively  destructive  than  the  eocene  H^mmdom 
and  miocene  Purodons,  with  their  numerically  typical  dentition  and 
their  three  camassial  teeth  on  each  side  of  the  oonoomitantlj  prolonged 
jaWR,  could  !mve  \wpv.. 

In  the  most  strictly  carnivorous  Gi'KEycErnAi.A  the  paw  is  ju  r- 
f  'Ct I'd  as  an  instrument  for  retain iiipr  and  lacerating  a  strugglini:  iiiey 
by  the  superadded  elastic  structures  for  icti  k  tii)<i  the  claws  and  main- 
taining them  sharp.  We  next  find  in  the  uuguiculaie  limb  such  a 
modification  in  the  size,  shape,  position,  and  direction  of  the  innermost 
digit  that  it  can  be  opposed,  as  a  thumb,  to  the  other  dibits,  thus  con- 
stituting what  is  pronely  termed  a  ^  hand.'  Those  Unguiculates  which 
have  both  fore  ana  hind  limbs  so  modified,  form  the  order  Qoa]>-' 

BUMAiN'A.    Most  of  ihem  have  J — ^  incisors,  ^ — -  canines,  — ^  broad 

tuberculate  molars,  and  premolars  in  variable  numbers ;  all  have  per- 
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ftet  elavielei ;  pectoral  mammn ;  Tesicolar  and  prostatic  glands ;  a 
diaemd,  •ometunes  double,  placenta.  The  Quadnimana  have  a  well- 
marked  threefold  geographical  as  well  as  stnietural  division. 

The  Strepairhuies  are  those  with  curved  or  twisted  terminal  nos- 

trils,  with  much  modified  incisors,  preiiioLirs  J- — -or  ,^ — f^iii  number, 

and  molars  with  sharp  tubercles  :  the  second  digit  of  the  hind  limb  hna 
a  claw.  This  group  includt^  the  (Jalapcos,  Pottos,  Loris,  Aye-Aye^, 
Iiidris,  and  the  true  JAMHurs ;  the  three  latter  genera  heitig  restricted 
to  Aladaga&ciir,  whence  the  group  diverges  iu  one  direciiun  lo  the  cou- 
tineot  of  Africa,  in  the  other  to  the  Indian  Archipelago. 

The  speaker  exhibited  drawings  by  .Joseph  Wolf,  of  an  Aye-Aye, 
(Ckeinmjfs  Madagascanensis)  which  had  been  recently  transmitted, 
well  preserved  in  spirits,  to  the  British  Museum.  He  [x)inted  out,  by 
comparison  of  its  brain  with  that  of  a  similarly  sized  Kodent,  its 
combination  of  a  type  of  cerebral  organ  truly  gjTencephalous  in  the 
proportions  of  the  hemispheres,  and  in  the  pattern  of  the  few  convolu- 
tions, with  a  dentition  so  similar  to  t!i;it  ot  a  Rodent  as  to  luive  deceived 
Gtuelin  and  Cuvier  in  regard  to  it^  (u  dinal  ]n>^ition  in  the  mamiiialian 
class.  The  equally  remarkable  moditieation  ot  the  hands  was  pointed 
out,  concurring  with  the  dentition  in  enabling  the  Aye- Aye  to  extract 
its  Ihvonrile  food,  the  hurm  of  Coleopteni,  Burrowing  in  hard  wood, 
from  their  hiding  places. 

The  Platyrlune  Quadrnmana  are  those  with  the  nostrils  subter- 

3  3 

niinal  and  wide  apart ;  premolars  ^  ^  in  number,  the  molars,  witii 

blunt  tubercle*?  ;  the  thumbs  of  the  fore-hands  not  o]^po«?rib]p  or  want- 
ting ;  the  tail  ill  iiidst  ])rehensile  ;  they  are  i)ecul!«r  to  Soutli  America. 

Tlie  Catarliine  Quadnimana  have  the  uoit>trih»  oblique  and  approxi- 
mated below,  and  opening  above  and  behind  the  muzzle :  the  pre- 

molars  are  - — -  in  number ;  the  thumb  of  the  fore-hand  is  opposable. 

They  are  restricted  to  the  Old  World,  and,  save  a  single  species  on 
the  rock  of  Gibraltar,  to  Africa  and  Asia.  The  highest  orgaiiiaed 
fiunily  of  Catarhines  is  tailless,  and  offers  in  tiie  Orang,  Chimpanzee, 

and  Gorilla,  the  nearest  approach  to  the  human  type. 

Climate  rigidly  limits  the  range  of  the  Qiindnimana  latitudinally  : 
creational  and  geograjifiir:d  causes  linut  tlu  ir  nuige  in  ln!ii»-itude. 
I)i«?t!nct  genera  represent  cacli  other  in  the  siiuie  latitudes  of  the  ^ew 
and  Old  Worlds  ;  and  ahio,  in  a  great  degree,  in  Africa  and  Asia. 

The  fourth  and  highest  type  of  the  Mammalian  brain  rises  at  once, 
and  without  transitional  rudiments  of  the  hippocampus  minor,  hinder 
horn  of  lateral  ventricle,  or  concomitant  lobe  of  cerebrum  protruding 
backward  bt^ond  the  cerebellum,  to  that  marvellous  structure  which 
is  peculiar  to  our  own  species.  The  sole  representative  of  the  AMaxtf- 
c'EFEALA^  is  tho  gonus  Homo.    His  structural  modifications,  more 
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eapeeMiy  of  the  lower  limb,  by  which  the  erect  stature  and  bipedal 
gait  are  nuuntained,  are  such  as  to  claim  for  Man  ordinal  distinction 

on  merely  external  zoological  cliaracterH.  But  his  psychological 
powers,  ill  association  with  liis  extraordinarily  developed  brain,  entitle 
the  prf»np  wlucli  be  represents  to  equivalent  rank  with  the  other 
priniaiy  i^iolJ^  ot  ihe  class  Mcmnnalia  foundod  on  cerebral  characters, 
in  tiiis  priaiary  group  ^lan  iuiuis  but  one  geuui>;  IlottWy  and  that  eeuus 
but  one  order,  cdled  Bimaita,  on  aeooiuii  m  the  oppoMble  thnmb  being 
restricted  to  the  upper  pair  of  limbs.  The  mammg  are  pectotaL  The 
placenta  is  a  sinffle,  snb-circular,  oeUulo-vasoular,  discoid  body. 

Man  has  only  a  partial  ooTeriog  of  hair,  which  is  not  merely  pro- 
tective of  the  bcaul,  but  is  ornamental  and  distinctive  of  sex.  The 
dentition  of  the  gemis  ffnmo  is  reduced  to  thirty-two  teeth,  by  the 
suppression  of  thi*  f-uter  itu'isor  and  the  first  two  j)remolHrH  of  the 
typical  series  on  eacii  side  ol  both  jaws,  the  dental  formula  being  ; — 

.2—2        1  —  1         2—2        8—3  «o 

••2=2'  ''i:::rv  ^'^2^  "^  zZz^^^ 

All  the  teeth  are  of  equal  lengthy  and  tl^re  is  no  break  in  the  series} 
they  are  subservient  in  Man  not  only  to  alimentation,  but  to  beau^ 

and  to  speech. 

The  hninan  foot  is  brond.  plantigrade,  with  the  wle,  not  inverted 
as  in  Quadrumana,  but  applied  flat  to  the  ground;  the  leg  bears 
vertically  on  the  foot ;  the  heel  is  expaiided  bcneatli ;  the  toes  are 
short,  but  with  the  innermost  longer  and  much  larger  than  tlie  rest^ 
forming  a  '  hallux  *  or  great  toe,  which  is  placed  on  the  same  line 
with,  and  cannot  be  opiK>sed  to,  the  other  toes;  the  pelvis  ia  short, 
broad,  and  wide,  keeping  the  thighs  well  apart;  and  the  neck  of  the 
femur  is  long,  and  forms  an  open  angle  wi&  the  shaft,  increaong  the 
basis  of  support  for  the  trunk.  The  whole  vertebral  column,  with  ita 
sliglit  alternate  curves,  and  the  well-poised,  short,  but  capacious  sub- 
globular  skull,  are  in  like  harmony  with  the  requirements  of  the  erect 
position. 

I  he  widcly-sepnrati  d  ^lioiildvM  >,  Aviili  hroad  f^capuhe  and  complete 
clavicles,  give  a  lavuurable  posiiu>n  lo  tiie  upper  limbs,  now  liberated 
from  the  service  of  locomotion,  with  complex  joints  for  rotatory  as  well 
as  flexile  movements,  and  terminated  by  a  hand  of  matchless  perfection 
of  structure,  the  fit  instrument  for  executing  the  behests  of  a  rational 
intelligence  and  a  free  will.  Hereby,  though  naked,  Man  can  clothe 
himself,  and  rival  all  natural  vestments  in  warmth  and  beauty ;  though 
defenceless,  Man  can  arm  himself  with  every  variety  of  weapon,  and 
become  the  most  terribly  destructive  of  animals.  Tlius  he  fulfils  his 
destiny  as  the  supreme  master  of  this  earth,  and  lord  of  the  lower 
Creation* 

[R.  O.] 

The  Discourse  was  illustrated  with  drawings  of  type  spectes  of 
quadrupeds,  by  Joseph  Wolf,  and  by  numerous  diagrams,  indudiug 
Uie  subjoined  tables  of  classification. 


Digitized  by  Google 


cerebral  Si^Uem  of  the  Class  Mammalia, 


Digitized  by  Google 


188 


Profenior  Owen^  an  the 


[Jan.  27, 


Digitized  by  Google 


1360.]  Cerehral  Sjfsiem  of  the  d'ass  MammaUm  169 


o 


Q 
o 


3 


i 


S 

w 

fe    S  .  .  ^      ^  .  «  S  S 

§  

8  8  ,  

•••  •(•••••  ••••••M  ••••• 

^  s 


si** 

E  G   ^  ^ 


1 1 


3 

s 


I  £  I 


•i 

u 

a 
P 


3 

a 


:3 


00 


8 


 ^ 


< 

a 
< 

3 


Digitized  by  Google 


1 

I 


190  Mr,  Bdd^  [Feb.  3, 


Friday,  February  3,  1860. 

Ekv.  Jowi  Baalow,  M.A.  F«B,S.  Vioe-Presideui  and  Secretaiy, 

in  the  Chair. 


Fbbdbbick  FuoiD,  Esq^  F.RJS.K 
Oft  the  Mineral  Treasure9  of  the  Amies* 

Oworo  to  the  great  eitent  of  country,  the  difficulty  of  access  in  many 
parts,  and  the  comparatively  few  labourers  in  the  field  of  science, 
much  of  the  mineralogy  of  the  district,  bounded  on  tlie  east  by,  the 
Cordilleras,  and  on  the  weet  by  the  Pacific  Ocean«  remaina  to  be  in- 
vestigated. 

European  enterprise  and  capital  have,  however,  incidentally  effected 
much.  The  miner,  finding  a  ready  purchaser  in  liie  smelter  or  mer- 
chant for  his  ores  and  other  mineral  productions,  traverses  the  hills 
and  nuniptalns  in  qneet  of  the  treaaorea  bis  oonntry  supplies,  bringing 
them  into  the  wious  porta  on  the  coast  for  side.  It  necessarily 
happens  that  he  meets  occasionially  with  some  minends  of  which  he  in 
not  cognizant ;  but  £rom  their  high  specific  gravity,  metallic  lustre,  or 
other  physical  appearances,  he  deems  them  to  be  not  wholly  destitute  of 
value.  Thus,  oftentimes,  independent  of  purely  scieiitiHc  rese;\rch, 
many  ( urious  niitural  compounds  are  briuight  to  light,  which  otlier- 
wise  perhaps  might  have  lain  ior  ages  iudden  in  the  deep  recesses  of 
the  hills. 

The  chief  wealth  of  the  Andes,  in  a  monetary  point  of  view,  consists 
of  copper  and  stiver  nunetals.  Gold,  although  eztensiTely  dissemi- 
nated, never  occurs  in  very  large  quantities  in  one  particular  ^ot.  The 
copper  and  silver  mines  on  £e  contrary,  yield  those  metals  in  very 
great  abundance. 

The  copper  ores  maybe  divided  as  follows: — 1.  Those  minerals 
which  consist  of  native  copper,  in  a  nearlv  puro  condition,  or  combina- 
tions of  tlu'  Jiu  tal  with  oxygen,  and  the  oxides  comhiiH  iI  wiih  carbonic, 
silicic,  })hospiiuric,  and  vauadic  acids,  as  well  as  cliloriue,  in  the 
mineral  atacamile,    2.  Minerals  consisting  esseutiuily  of  copper,  iron. 
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and  ioliihur.  3.  CombliMilloiiB  of  copper  with  anenie,  or  with  anenic 
and  sulphur,  or  andmoay  and  snlphur. 

Id  the  first  division  are  found  many  interesting  varieties.  The 
native  copper  of  Chili,  found  not  only  in  the  higher  nMfres  of  the 
Cordilleras,  but  also  comparatively  near  the  coast,* is  roinarkalile  for  its 
purity,  in  the  district  of  Andacollo,  a  few  leagues  ejist  ot  Coi^uimbo, 
it  occurs  in  large  masses,  containing  sometimes  merely  traces  of 
foreign  matter,  among  which  gold  is  generally  recognized.  The  red 
and  black  oxides  are  found  associated  with  the  metal,  the  former  in 
larger  quantity,  in  fine  crystalt  belonging  to  the  regular  eyetem,  and 
having  a  clear  roby  ooloor.  The  bltck  oxide,  hitherto  considered  a 
rare  minenl,  has  quite  recently  been  observed  in  the  extreme  north  of 
Chili,  as  a  fibrous  mass,  somewhat  resembling  hornblende. 

The  carbonates  of  copper  abound  extensively  in  the  Andes, 
although  no  true  maJarhite  ha«i  yet  been  discovti  iii,  at  least  which 
will  bear  comparison  with  the  specimeiis  met  with  in  iiussia,  Australia, 
and  the  west  coast  of  AtVica.  The  silicates,  black,  blue,  and  green  are 
abundant ;  the  two  last  varieties  are  termed  llauca,  by  the  miners  ;  they 
du  not  occur  crystallized,  but  in  masses,  sometimes  assuming  the 
botfyoidat  form.  A  rare  double  silieate  of  manganese  and  copper  has 
also  been  obtainedf  easily  soluble  in  hydrochloric  acid,  even  in  the 
cold,  with  evolution  of  chlorine.  This  mineral  is  called  by  the  miaem 
"  metal  de  carbom^*  firom  its  striking  resemblance  to  ordinary  coal. 

The  phosphates  of  copper,  Tagilite  (4  Cu  O,  P  O5,  6 II  O)  and 
IJ(  bethenifc  {^CuO,  P  O,,  IIO)  have  only  lately  been  described. 
Tfipy  were  discovered  in  a  initio  in  Tambillos,  near  Coqniinbo.  A 
very  ran  clouV)le  j)Iu)'<i)liate  of  lime  and  copper  occurs  in  the  same  dis- 
trict 2  (b  Cu  O,  i'  O3)  4-  10  (3  Ca  O,  P  Oj  +  Ca  CI) ;  it  is  found 
associated  with  apatite  in  large  blueish-green  crystals. 

Auicamite  derives  its  name  from  the  locality  in  wlucb  it  waa 
criginally  discovered,  the  desert  of  Atacama.   It  has  been  recognised 
as  Sir  nonth  as  Coquimbo,  although  only  oecaaloDally.   Nearly  all  the 
miiMf  in  the  district  north  of  Copiapo,  on  the  confines  of  Bolivia, 
yidd  this  mineral.   It  consisU  of  Cu  ("l,  3  Cu  O  +  4  II  O.  Berthier 
analysed  a  ^ledmen  from  Cobija,  containing  six  atoms  of  water. 
Atacamite  was  produced  artificially  in  some  smelting  works  in  Chili, 
in  ver\'  larcre  ([uantities.    Pounded  oxide  of  copper,  the  product  of 
caiciued  regains  in  a  fine  state  of  division,  gradually  accumulated  upon 
the  base  of^^a  horizontal  chimney  close  to  the  sea.  The  floor  of  the 
ciuniiiey  had  nut  been  bricked,  W  consisted  simply  of  sand  impreg- 
nated with  the  alkaline  ddoridea  and  sulphates.   The  hot  oxide  of 
copper,  partially  protected  by  additional  layers  of  dust  from  the 
fomace,  by  long  contact  with  the  sand  became  converted,  after  the 
lapae  of  some  months,  into  sulphate  and  oxy-chloride  of  the  metaL 
More  than  three  tons  were  accidcMitally  obtainfHl  in  thU  rnaimer. 

Double  sulphides  of  copper  and  iron      Di.sulphtdv  0/  Copper  ex- 
ists v<Tv  often  in  a  state  of  great  purity,   containing  sometimes 
5  oi  metal,  with  scarcely  a  trace  of  iron,    i  iie  proto-sulphide  is 
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rarer,  being  generally  anoeiiited  with  sulphate  of  lime  ia  ioUmate 

mechanical  union.  The  "Cobre  Anilado*'  of  the  mines  is  a  soft 
indigo-bliio  coloured  mineral,  which  by  long  digestion  in  water  loses 
its  sulphate  of  lime,  the  residue  consiiJtiiifjr  of  tolerably  pure  proto- 
sulphide  (Cu  S).  Immense  masses  of  what  is  usually  termed  blue 
sulpiiide  of  copper,  but  which  is  really  a  double  sulphide  of  that  metal 
'with  iron,  occur  in  Tamaga,  a  distnct  lying  between  Valparaiso  and 
Coquimbo,  The  pure  mineral  contains  about  66  of  copper,  23  of  eal- 
phur,  and  21  of  iron* 

The  ordinary  yellow  pyrites  (Cug  Fey  St)  and  peacock  ore  abound 
throughout  the  Andes. 

Arsenide  of  Copper— T>omey\i\te. — This  mineral  is  interesting, 
bttng  somewhat  similar  tocondurite,  analyzed  by  Mr.  Faraday  in 
and  subsequently  by  Dr.  Blyth  in  1848.  The  roinjiouTHl  investiirated 
by  tlitwe  chemists,  however,  was  a  mixture  ot  ar»eiiile  of  cojiper,  in 
corijuiicLion  with  tlie  arsenide.  Domeykite  does  not  conuia  arsenious 
acid,  but  is  simply  expressed  by  the  formula  Cu  6  As. 

AlffodottUe  contains  more  copper  than  the  former,  and  is  compoaed 
of  12  atoms  of  copper  and  one  of  arsenic. 

Guayacajiite . — This  mineral,  very  similar  to  enargite,  islbond  in  only 
one  locality  in  Chili,  yery  Idgh  up  m  the  Cordilleras,  the  mine  being 
for  a  great  part  of  the  year,  quite  inaccessible.  It  consists  of  3  Cu,  8, 
As  Si,  or  three  atoms  of  disulphide  of  c()|>]>er  united  to  one  atom  of 
pentasulphido  of  arsenic.  Arsenic  is  f^a  iicmlly  found  coinliiKed  with 
three  atoms  of  sulphur,  wlien  in  combination  with  the  sulphides  of 
mudt  metals.  The  state  of  |)entasulphide  in  this  instance,  makes  the 
mineral  peculiarly  interesting. 

VanmdiaU  of  Copper,  in  union  with  vanaduUe  of  lead,  exhts  in  the 
Mina  Grande,"  near  Coquimbo.   It  has  a  brownish  earthy  appear- 
ance, and  contains  generally  from  13  to  16  p^r  cent,  of  vanadic  acid. 

Silver  3BmraU,^FoT  a  long  time  the  principal,  and  indeed  the 
only  great  source  of  silver  in  Chili  was  from  the  province  of  Coquimbo, 
the  district  in  winch  the  mines  were  sitmited  being  about  fifty  miles 
distant  from  the  coast.  The  rich  silver  mines  of  Chanarcillo,  iu 
Copiapo,  were  discovered  about  the  year  1835  by  Juan  Godoy,  a  wood- 
cutter. Sleeping  on  the  hill,  after  a  hard  day's  toil,  he  kindled  a  small 
fire,  and  iu  the  uiurning  he  discovered  underneath  the  ember:^  a  bn^ht 
metallic  euriaoe,  which  he  mistook  for  lead,  but  which  proved  to  be 
diver.  The  IcMsality  has  yielded  enormous  riehea  auice  that  time* 
Besides  native  silver,  the  chloride,  two  or  three  varieties  of  diloro- 
bfomidc,  the  bromide  and  iodide  have  been  discovered,  as  well  as  the 
dark  and  light  vosiclers  (3  AgS  +  SbS,)  a  (3  AgS  +  AsS^)  the 
snl[)hide  Ag  S«  Polybesite,  and  a  variety  of  other  interestiDg  appear- 
aoces. 

Arquerite,  named  from  Artjucros,  the  district  in  which  it  is  fomui, 
consists  of  Ag  t>  Ilg.  For  a  long  time,  wiiU  tiie  cxcepiiou  ol  liie 
liquid  amalgani  discovered  by  Del  liio,  iu  Mexico^  it  was  cousidered 
the  only  native  amalgam  of  diver.    M.  Domeyko,  to  whom  the 
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ninenlqgy  of  Sontli  Arnica  owes  so  mudiy  has  howe?er  described  at 
least  mx  native  amalgams. 

IJgi  =  -A.go  Ilg  +  Ag  Hg. 
Agi  Hg». 
Ag. 

Ag^      Hg4  =s  2  Ag  Hg  +  Ag  Hgi. 
•Ag.  Hg. 

Mercury  has  been  found  pretty  abundantly  in  many  parts  of  the 
Andes,  chiefly  as  cinnabar. 

A  curious  combination  of  this  metal  with  arsenic,  sulphur,  anti- 
mouy,  and  copper  also  exists^  and  ma^  be  temed  mercurial  fiihlerz. 
Beaoltuig  from  the  oxidation  of  this  mineral,  the  singular  natural  com- 
bination, constituting  ammudiie^  is  found,  which  consbts  essentially  of 
oxide  and  sulphide  of  antimony  with  oxide  and  sulphide  of  mercury. 

Time  alone  prevented  a  description  uf  many  other  important  and 
interesting  minerals,  the  production  of  the  Andes  and  the  mountains 
in  the  vicinitj. 

[F.  F.] 


GENERAL  MOKTHLY  MEETING, 

Monday,  February  6,  1860. 

WujjAM  Poi<E,  Esq.  M.A.  F.R.S.  Treasurer  and  Vice-President, 

io  the  Chair. 

Matthew  Bell,  Esq. 
Jnmes  Butler,  Ksq. 
liobeit  Lush,  Esq.  Q.C.  and 
John  Morgan,  £«j. 

were  duly  deHed  Members  of  the  Boyal  Institution. 

Captain  James  Drew,  Esq.  and 
Thomas  Wilson,  Esq. 

were  admitted  Members  of  the  Boyal  Institution. 

The  Special  Thanks  of  the  Memben  were  returned  to  William 
Saxmon,  Esq.  M,R,I,  for  the  following  Flresent : 

Botanical  Works  of  R.  J.  Thomtoo,  M  JX  ris. 
New  Illustratioo«  of  the  Sexual  System  of  Limneus.  (Many  Portmits  and 

Plntes.^    2vol8.    fol.  1807. 

Bocauical  Extract!,  or  the  Philosophy  of  Botany.  3  vols.  fol.  1810. 
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The  Presents  received  since  tlie  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Mttnbere  letumed  for  the  same  :  viz. 

From 

Gotxrnor^ General  of  India—  Memoirs  of  the  Geological  Surrey  of  India.     Vol.  II. 
Part  1.   8vo.  1859. 

XRc  French  Minitter  of  Public  Inttniction — Documens  In^dits  sur  I'Histoire  de 
Fniace:  Lettres  M't-^Uc*!  de  Hiiui  IV.  (1003-6).    Tome  VI.    4to.  1853. 
Papiers  d'Etat  de  Cardinal  de  Granvelle.   Tome  IX.    4to.  1852. 

ile/«8i^ /Ni(ftiile^--Assuranc«MagasiBe,  No  38.   8vo,  1859. 

ArtB,  Society  </— Jounial  for  Nov.  Dec.  1859  ;  Jan.  1800.  8Vlk 

AtifUic  Socif'fi/  of  Bengal  — J ounvd],  Xo.  273.    .^vo.    I«59.  / 

Astrimomical  Hocielift  itoffal — Proceedings,  No.  2,  1860,    8vo.  > 
Instnietiinis  ibr  the  OtwervatioD  of  Bfan  in  1860:  by  6.  B.  Airjr/  P.R8.  Ae. 
8yo.   1858.  ^ 

Bmwlerc,  G.  Esq.  3f.7?./.— Observations  on  the  Beport  of  the  ConmusuoQ  on 
Harbours  of  iielage  EnquirT.    8vo.  18G0. 

Ba^eld,  Beriah,  Eaq.F.R  S.  M.li.I.  (the  y4 t/fAor)— Stemmata  Bot^rUliana  ?  Me- 
morials of  the  Families  of  De  Boteville,  Thvnne,  and  lioifnld.    4to.  IP.'i*^. 

Booaey,  Mmsm,  (he  {^Fublukeny^Tike  Mosieal  World  for  ^ov.  Dec  1859 ;  Jan. 
1860.  4to. 

CktuAen,  Otorpe  R  Eaq.  M.RJ^W,  Brodie :  Pitcairn  Uand,  and  the  Idanden 

in  18. "50.    ir.mo.  1851. 
Church-Kate  Papers,  1858.  8vo. 
Stateof  Parties,  January  1,  I860.    8to.  1860. 

CMf  Rm.  John  W.  B,A.  {the  ilnlAor)— Two  Leetntes  en  the  Hiiloiy  and  Anti- 
quities of  Berkhamstead,  Herts.    8vo.  \ST)5. 
Dubiin  Gcolix^ical  Societv—Jourm\f\o\.y  III.    Part  2.    8vo.  1859. 
Dublin  Sociei I/,  Royal — Journal,  Nos.  U  and  1 4.    8vo.  1859. 
Drem^t  ChriHlopher,  Eeq.  {the  Author)^Radm9nltiOiBol^^    8tO.  1659. 
Editors    Arfiz  iufor  Nov.  Dec.  1859  ;  Jan.  1860.  4(0. 

Athemtum  for  Nov.  Dec.  1859;  Jan.  I860.  4to. 

Bulletin  de  la  Society  de  Vaudoise.   No.  44.    8vo.  1859. 

Engineer  for  Nov.  Dec.  1859 ;  Jan.  I860.  Ibl. 

Horological  Joumnl,  Nos.  17,  18.    8vo.  1859-60. 

Journal  of  Gas-Lightiug  for  Nov.  Dec.  1859  ;  Jan.  18G0.  4U>. 

Mechanics*  Magazine  for  Nov.  Dec  1859  ;  Jan.  I860.  8vo. 

Medical  Circular  of  Nov.  Dec.  1859  ;  .lan  1860.  8to. 

Practical  Mcrhnnic'  .yoiimal  for  Nov.  Doc.  IS-'iO;  Jan.  I860,  4tO. 

Hevtie  Photographique,  Nov.  Dec.  1859;  Jan.  1860.  8vOb 

Si.  James's  Medley.    No.  21.    8vo.  1859. 
Ihradai/,  Pr^ettar,  D.C.L.  F.R.S.-^BAp€rUi»n  de Chiinse»  par  C.  BMietwil  eC 

A.'Wmtz.    9vo.    Dec.  1S.-.9. 

Kdiiigliclic  Preossischen  Akademie,  Berichtc,  Aug.-Nov.,  1859.  8vo. 
Franklin  Institute     Penitfy/wm^oornal,  Vol.  XXXVIII.    Nos.  5,  6. 
Horlicwi^ura/ Soct>(y— Proceedings,  Nos.  4        8vo.  1859. 
/n.v// ^cairmy,  iifoya/— Transactions,  Vol.  XXI 11.    Parti.  4tO.  1859. 

Proceedings,  Vol.  VII.    Part  I  8.    8vo.  1858-9. 
JaUonowski'Khen  Geadlmhajt,  Lcivziq.'—^Pe^^  8to.  1859. 

Linnean  Socictj/ — Proceedings,  Vol.  11 1.    No,  15.    8vo.  1859. 
Mackie,  S.  J.  jEaq.  F.O,S,  {Urn  EdUor)-Tb»  Oeotogiit,  Nor.  Dee.  1859}  Jan. 
1860. 

Marcet,  W.  M.D.  (Ikt  AMtkot)^Oa  Chrooie  Aloobolic  Inloxieatioa.  16ma  I860. 
JValtsno/  Lifeboat  Institution— Joumvi\,  Nos.  24-2f;.    8vo.  1857. 
liewtomt  Af«v9.— London  Jouaal  (New  Series),  lor  Not.  Dec  1859;  Jan.  I860. 
8va 

North  (f  England  ImtiiMte  ff  Mining  Engimen^Tnamc^cmf  Vol.  VII.  8ve. 

1859. 

Nifvello,  Mr.  ((Ae  PiiUuAer)— The  Musical  llmct  for  Nov.  Dec.  1859 ;  Jsn.  1860. 
4to. 
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Pttm  ■Mmi,  A,  Ekq-  (the  £kK(<r)— mtliheilaDgen  anf  dem  G«saxxuntgebiete  der 

Geographie.    1859.    Heft  11,  12.    4to.    Gotha,  1859. 
PWw;rf//>//R  ScciV^y— Jonrnal,  Nos.  92»  93.    8vo.  1859. 
jRojfod  Societj/ — Proceedings,  No.  37.   Svo,  1859. 

Seeniak  Society  0/ ArU  {Royal)— TrmmeAoM.  Yol.V.  PtatB,  8to.  185». 

Stoltrturr// Sx-ief^- Journal,  Vol.  XXII,   Part  4.    8vo.  1859. 

V^etns  znr  Jicflrdtriinr/  des  Gncerbjleisses  in  PreuMsen — Sept.  utul  Oct  1859,  AtO, 
l^t  /inu  Imperial  Gtuloytcal  Institute — Jahrbuch  X.    No.  2,    8vo.  1859. 

ArLspraclio  tou  W."  H«idinger,  Nov.  39*  1889. 
^T.  fl  'ii  iK'-^.  Fossilen  Mollu.sken  des  Ti'TtiTr-borkcns  von  Wicn.    4to.  1859. 
yUpiceiii ,  Fr^lusor  Jt*,  {tite  Auihar)—h\xg^  i:Uettromf tri  Memona.   4ta.  Boma, 

1858. 

United  Service  Imttlutim — Journal,  No.  11.   8vo.  1860. 

Waxhintjton  Ohsrrvatory,  U.S. — Nautical  Monniri  ,it)Tiq.    \o.  1.    4to.  1859, 
WelU,  2\  Spencer,  Eaq.  MJ?./.— Eight  Cases  oi  Uvariotoniy.    8vo.  1859. 
VfUam,  TUmws,  Eaq.  {the  ^itfA</r>— Jottings  oo  Money  (and  on  Wages.;  8vo. 
1853,  and  sei]. 

Ordonnances  et  lastrvctioo  povr  Us  ChaogevfS,   talL    AsTefl^  163d.  (With 

Engravings  of  Coins). 


WEEKLY  EVEiSIISG  MEEXiiSG, 

Friday,  February  10,  18(iO. 

Sir  JlssiMX  Hojll^d,  Babt.  M.D.  E.K.S.  Yice-Preaident, 

in  the  Chair. 

PBOFE880K  T.  H.  BmoMT,  F.K.S. 
Oh  Sjtecies  and  Maces^  and  their  Origin* 

The  sj^eaker  opened  his  disconrse  hy  stating  that  its  object  was  to 
place  the  fundameutai  propositions  of  I^Ir.  Darwin's  work  **  On  the 
Origin  of  Species  by  Natural  SeleetioD/'  in  a  dear  light,  and  to  con- 
aider  whether,  as  the  qnestioD  at  present  stands,  the  erideoce  adduced 
in  their  fevour  is,  or  is  not,  condndm 

After  some  preHmimury  remarks,  in  the  course  of  which  the 
speaker  expressed  his  obligations  fbr  the  liberality  with  which  Mr. 
Darwin  hail  allowed  him  to  have  access  to  a  large  portion  of  the  MSS^ 
of  his  forthcoming  work,  tlie  phenomena  of  species  in  general  were 
considered  —  the  Horse  being  taken  ns  a  familiar  example.  Tlie 
distinctions  between  tliis  and  other  closely  allied  species,  such  ;is  t!ie 
Asses  and  Zebras,  were  considered,  and  they  were  shown  to  be  t>i  two 
kinds,  structural  or  morphological,  and  functional  or  physiological. 
Under  the  former  head  were  ranged  the  callosities  on  the*  inner  side  of 
the  fore  and  hind  fimbe  of  the  HofM— its  bushy  tail,  its  peeuliar 
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larynx,  its  short  ears,  and  broad  hoofs  :  under  the  latter  head,  the  fact, 
that  the  otiispring  of  the  horse  with  any  of  tlie  allied  si^ciis  is  a 
hybrid,  incapable  of  prupagatiuo  with  aoother  mule,  was  particularly 
mentioned. 

Leaving  opeu  the  question  whether  the  physiological  distinctioa 
just  mentioned  is,  or  is  not,  a  universal  character  of  species,  it  is  In- 
dubitable that  it  obtains  between  many  spedes^  and  therefore  has  to  be 
accounted  for  by  any  theory  of  their  origin. 

The  species  Eqtnu  eabtdUu^  thus  separated  ftmn  all  othen,  is  the 
centre  round  which  a  number  of  other  renuirkable  phenomena  are 
grouped.  It  is  intimately  allied  in  structure  with  three  other  members 
of  the  existing  creation,  the  Hyrax,  the  Tapir,  and  the  Rhinoceros  ; 
and  less  strnif,  though  still  definite  bonds  of  union  connect  it  with 
every  living  thing.  Going  back  in  time,  the  Horse  can  be  traced  into 
the  Pliocene  formation,  and  perlia})s  it  existed  earlier  -^till ;  but  in  the 
newer  Miocene  of  Germany  it  is  replaced  by  the  Hippothprfinn,  an 
animal  very  like  a  true  Eqmf^s^  but  having  the  two  rudimmtal  tues  iu 
each  foot  developed,  though  su:all.  Further  back  in  tiiue,  in  the 
Epcene  rocks,  neither  Eqmu  nor  Uippotherium  have  been  met  with, 
nor  Rhinoeerot^  Tcgnnu^  or  Hyrax ;  but  instead  of  them,  a  nngnlar 
animal,  the  PtimoAerium^  whidi  ezliibits  certain  points  of  resembTanes 
with  each  of  the  four  existing  genera,  is  found.  Tlie  speaker  pointed 
out  that  tliese  resemblances  did  not  justify  us  In  considering  the 
PaUeHherium  as  a  more  generalized  type,  any  more  than  the  resem- 
blance of  a  father  to  his  four  sons  justifies  us  in  considering  him  as  of 
a  more  getieralized  type  than  theirs. 

The  geographical  distribution  of  the  EquidcB  was  next  considered  ; 
antl  the  anomalies  and  dilhculties  it  offers  were  pointed  out  ;  and  lastly 
the  variations  which  horses  offer  in  their  feral  and  their  domesticated 
condition,  were  discussed. 

The  questions  thus  shown  to  be  connected  with  the  species  IloTse, 
are  olfered  b^  all  species  whatever;  and  the  next  point  of  the  discourse 
was  the  oonsideiation  of  the  general  ehanieter  of  the  problem  of  the 
origin  of  species  of  which  they  form  a  part,  and  the  necessary  con* 
ditions  of  its  solution. 

So  far  as  the  logic  of  the  matter  goes,  it  was  proved  that  this  pro- 
blem is  of  exactly  the  same  character  ap  multitudes  of  other  physical 
problems,  such  as  the  origin  of  glaciers,  or  the  origin  of  strata  of  mar- 
ble ;  and  a  complete  solution  of  it  involves — 1.  The  experimental 
determination  of  the  conditions  under  which  bodies  having  tlie 
characters  <i{  s|teoies  are  producible;  2.  The  proof  tluit  such  coudi- 
tiooH  are  jictualJy  (j|)orative  in  nature. 

Any  ducii  ine  oi  the  origin  of  species  which  satisfies  these  require- 
ments must  be  regarded  as  a  true  theory  of  species ;  while  any  wbicJi 
does  not,  is,  so  far,  defective,  and  must  be  regarded  only  as  a  hypotheits 
whose  value  is  greater  or  less,  according  to  its  approximation  to  this 
standard. 

It  is  Mr.  Darwin's  peculiar  merit  to  have  apprehended  these  kgtcsl 
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neOMitiei,  and  to  have  endeavoured  to  comply  with  them.  The 
l^geoM  eaUed  Poiitefi«  Tnmblen,  Fftataik,  &c.,  which  the  audience 
had  an  opportunity  of  examining^  afe  In  hto  view,  the  reiult  cf  eo 
many  U>ng-oontuiaed  experimentg  on  the  manufacture  of  species ;  and 
he  considers  that  causes  essentially  similar  to  those  which  have 
given  rise  to  these  birds  are  operative  in  nature  now,  and  have  in  past 
times  becMi  the  agents  in  ])Pnducing  all  the  spocies  we  know.  If 
neither  of  th(  jH)sitions  can  be  upset,  Mr.  Darwin's  must  be  ro^nnled 
as  a  true  tlieury  oi'  ^species,  as  well  })ased  as  any  other  ])hy8iciil  theory : 
they  require,  thereibre,  the  most  ciirefnl  and  searching  criticism. 

After  pointing  out  the  remarkable  differences  in  structure  and 
habits  between  the  Carrier,  Pouter,  Fautail,  Tumbler,  and  the  wild 
Ctdumha  /tm,  the  speaker  expresBed  his  entire  agreement  with  Mr. 
I>arwin*s  oondnsion,  that  all  the  former  domesticated  breeds  had 
arisen  from  the  last-named  wild  stock  ;  and  on  the  following 
grounds — 1.  That  all  interbreed  freely  with  one  another*  2.  That 
none  of  the  domesticated  breeds  presents  the  slightest  approximation 
to  any  wilcl  species  but  C.  livifiy  whose  characteristic  markings  are  at 
times  exhil)ited  by  all.  3.  That  the  known  habits  of  the  Indian 
variety  of  the  Uock  Pigeon  (C.  intermedia)  render  its  domestication 
easily  intelligible.  4.  That  existing  varieties  cotnicct  the  extremest 
modiiications  of  the  domestic  breeds  by  insensible  links  with  C.  livia, 
5.  That  there  is  historical  evidence  of  the  divergence  of  existing  breedsi 

the  Tumbler,  from  forms  less  milike  C*  Hvia. 

The  speaker  then  analyzed  the  process  of  selection  by  which  the 
domesticated  breeds  had  been  produced  from  the  Wild  I^k  Pigeon  ; 
and  he  showed  its  possibility  to  depend  upon  two  laws  which  hold  good 
for  all  8(iecies,  viz.,  1.  Tliiit  (>\ery  ^jtecies  tends  to  vary.  2.  That 
vnrintHHis  nr^'  rtipable  of  lit  reditary  transii»issioii.  The  si  cniid  Inw  is 
\\'r\\  uii(lor>t4Knl  :  but  the  speaker  adverted  to  tlie  misconiprt  lie usion 
wiiicii  np|teurs  to  prevail  regarding  the  first,  RTid  showetl  ihnt  the 
variatiou  uf  a  s|>ecies  is  by  no  means  an  adaptation  to  conditions  in  the 
sense  in  which  that  phrase  Is  commonly  used.  Ffgeon^ftnciers,  In  fact, 
subject  their  pigeons  to  a  complete  uniformity  of  conditions ;  but  whUe 
tlie  similarly  tued  feet,  legs,  skull,  sacral  vertebre,  tail  feathers,  oil 
gland  and  crop  undergo  the  most  extraordinary  modifications  ;  on  the 
other  hand,  the  wings,  whose  use  is  hardly  ever  permitted  to  the  choice 
breeds,  have  hitherto  shown  no  sign  of  diminution.  Man  has  not  as  yet 
been  able  to  determine  a  variation  ;  he  only  favours  tliose  which  arise 
spontuneously,  i.e,  are  determined  by  imknowii  ( otulit  u)]is. 

It  nnist  be  admitted  that,  by  selection.  :i  >ik  (  u  s  may  he  made 
to  give  vii>c  e.\perinienliiily  lo  excessively  dilleient  niuditications ;  and 
the  next  question  is,  Do  causes  adequate  to  exert  selection  exist 
la  natnier  On  this  point,  the  speaker  referred  his  audience  to 
Hi;  Barwin's  chapter  on  the  struggle  for  existence,  ss  affording  ample 
stfisfactory  proof  that  such  adequate  natural  causes  do  exist. 

There  can  be  no  question  that  just  as  man  cherishes  the  varietiei 
he  wishas  to  preserve,  and  destroys  those  he  does  not  care  about;  so 
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nature  (even  it  we  consider  the  pliysicul  world  as  a  mere  mecbantsm) 
must  tend  to  cherish  those  varieties  wliich  are  better  titled  to  work 
buriuoniuusiy  with  the  conditions  she  oilers,  and  to  destroy  the  rest. 

There  aeems  to  be  no  doubt  theis,  that  modilloatioiie  equindcDt  in 
extent  to  tlie  four  breeds  of  pigeons,  might  be  developed  fiom  « 
species  by  natural  causes ;  and  therefore,  if  it  cau  be  shown  tliat  theee 
breeds  have  all  the  characters  which  are  ever  found  in  species,  JUr. 
Darwin's  case  would  be  complete.  However,  there  is  as  yet  no  proof 
thut,  by  selection,  modifications  having  the  physiological  character  of 
species  (i.^.  wliose  otrsj)r'mg  are  iiieapnhle  of  propagation,  inter  se) 
have  evor  been  produced  troio  n  common  stock. 

No  doubt  tlie  imnierous  indirect  arguments  brought  forward  by 
Mr.  Darwin  to  weaken  the  force  of  this  objection  are  oi  gre^it  weight ; 
no  doubt  it  camiot  be  proved  that  all  species  give  rise  to  hybrids 
infertile,  inier  te$  no  doubt  (so  ibr  as  the  speafcer^s  private  convic- 
tion went),  a  well  conducted  series  of  experiments  very  probaUy 
would  yield  us  derivatives  from  a  common  stock,  whose  ofihpring  should 
be  infertile,  inter  se:  but  we  must  deal  with  facts  as  they  stand;  smd 
at  present  it  must  be  adtoitted  that  Mr.  Darwin's  theor}'  dot's  not 
account  for  all  the  phenomenri  exhibited  by  species  ;  and  so  far,  £bU1s 
short  of  being  a  satisfactory  tiieor)  . 

Nevertheless  the  speaker  expressed  his  sense  of  the  extremely  high 
value  to  be  attached  to  Mr.  Darwin's  hypothesis  ;  and,  avowing  his  uw  ii 
conviction  that  the  following  it  out  roust  ultimately  lead  us  to  the 
detection  of  the  kws  which  have  governed  the  oricin  of  spedes,  he 
concluded  his  discourse  in  the  following  words,  whi£  he  wiriiea  to  be 
added  in  full  to  the  very  brief  preceding  account  of  his  view  of  Hr. 
]>urwin's  argument : — 

**  I  have  endeavoured  to  lay  before  you  what,  as  I  fancy,  are  the  turn- 
ing points  of  a  great  controversy  ;  to  rfinlcr  obvious  the  mode  in  which 
the  vast  problem  of  the  origin  of  spec  i(  s  nmst  be  dealt  with  ;  and  w» 
far  as  purely  scientific  consideraUuiis  go,  i  liuvc  iioiiaug  more  to  say. 
But  let  me  beg  you  still  to  listen  to  a  last  word  respecting  the  un- 
scientilic  objections  which  I  constantly  hear  brought  forward,  on  tlie 

Krt  of  the  general  public,  against  such  doctrines  as  those  we  have 
en  discussing.  For  this  Is  a  matter  upon  which  it  is  of  the  utmost 
importance  that  men  of  science  and  the  public  should  come  to  an  under- 
standing. I  have  heard  it  said,  that  It  is  presumptuous  for  us  to  attempt 
to  inquire  into  such  matters  as  these  ;  that  they  are  problems  beyond 
the  reach  of  the  human  understanding.  Do  you  remember  what  w;is  the 
reply  of  tiie  old  philosopher  to  those  who  demonstrated  to  him  so 
clearly  the  impossibility  of  motion?  'Solvitur  nmhnlando,'  said  he, 
and  got  up  and  walked.  And  so  I  doubt  not  that  one  ot  these  days 
either  Mr.  Darwin's  hypothesis,  or  some  other,  will  g*il  up  and  walk, 
and  that  vigorously  ;  and  so  save  us  the  trouble  of  any  further  dis- 
cussion of  this  ol)jection« 

Ancther,  and  unfortunately  a  large  class  of  persona  tahe  flight 
at  the  logical  consequences  of  such  a  doctrine  as  that  put  inrth  by 
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Mr.  Darwin.  If  all  species  have  arisen  in  this  way,  say  they  — Mao 
himself  must  have  doue  so;  and  he  and  all  the  animated  world  mutt 
have  had  n  romnion  origin.  'Most  assuredly.    No  question  of  it. 

"But  I  would  ask.  does  this  logical  ne<(s>ii  y  add  onesinglr  difficulty 
of  iiuportant'e  to  those  which  already  confront  us  on  all  sides  whenever 
we  coDtemplate  our  relations  to  the  surrouDding  universe  ?  I  think 
not.  Let  nan's  mittaken  yamtj^  his  fitolmh  oolilempt  fer  tlie  mttlf^ftl 
worM,  impel  luin  to  atrugg^e  as  he  will,  he  striTet  in  vain  to  bmk 
through  the  ties  which  hoM  him  to  matter  and  the  lower  fi>nDs  of  life. 

In  Ihe&ce  of  the  demonstrable  facts,  thai  the  anatomical  differei^ 
between  man  and  the  highest  of  the  Qucuirumana  is  less  than  tbediifer* 
ence  between  the  extreme  types  of  the  Quadrnnmnous  order  ;  thf\t,  in 
the  course  of  his  development,  man  passes  throiijuli  fifages  which  coitc- 
spond  to,  though  they  are  not  ideuiical  witli,  those  of  all  the  hjwer 
animals  ;  that  each  of  us  was  one  o  a  minute  and  unintelligent  particle 
of  yolk-like  substance ;  that  our  highest  faculties  are  dependent  for 
tlMor  exarcise  upon  the  presenee  of  a  few  enble  indict  BM)feor  less  of 
a  esrtain  gas  in  one's  blood ;  in  the  faoe  of  these  tremendous  and 
mysteriona  Acta,  I  say,  what  matten  it  wliether  a  new  link  is  or  ia 
not  added  to  the  mighty  diain  which  indissolubly  binds  us  to  the  rest 
of  the  universe  ?  Of  what  part  of  the  glorious  &bric  of  the  world  baa 
man  a  right  to  be  ashamed — that  he  is  so  desirous  to  disconnect  him- 
self from  it  ?  T^ut  I  would  rather  reply  to  this  strange  objection  by 
suggi'stintz;  aiKitln  r  line  of  thought.  1  would  rather  jxjint  out  that 
periiaps  the  v(  ry  noblest  use  of  science  as  a  disc  ipline  is,  that  now  and 
then  she  brings  us  lace  to  face  with  dithcuities  like  these.  Laden  with 
our  idolsy  we  follow  her  blithely^ till  a  parting  in  the  roads  appears, 
and  die  turns,  and  with  a  stem  fiuie  asks  us  whedier  we  are  men- 
saongh  ta  cast  them  aside^  and  f<dlow  lier  up  the  atoep?  Men  of 
sdeaoe  axe  aoch  by  virtne  of  having  answered  her  with  a  hearty  and 
unreserved,  Tea ;  by  virtue  of  having  made  their  election  to  follow 
sdence  whithersoever  she  leads,  and  wJialtoever  lions  be  in  the  path* 
Their  duty  is  clear  enough. 

*'  And.  in  my  apprt  lion^iioTi,  that  of  the  public  is  not  doubtful.  I  have 
said  that  the  man  of  seieiice  is  the  sworn  interpreter  of  nature  in  the 
high  court  of  reason.  But  of  what  a\aii  is  his  honest  speech,  if 
ignorance  is  the  assessor  of  the  judge,  and  prejudice  foreman  of  the  jury  ? 
1  hardly  lusow  of  a  great  physMSal  truth,  whose  universal  reception  haa 
not  been  preceded  by  an  epoch  in  which  most  estimable  persons  liave 
nsintidned  that  the  phenomena  investigated  were  directly  dependent 
on  the  Divine  Will,  and  that  the  attempt  to  investigate  them  was  not 
only  futile,  but  blasphemons.  And  there  is  a  wonderful  tenacity  of 
life  about  this  sort  of  opposition  to  physical  seience.  Crushed  and 
maimed  in  nvery  battle,  it  yet  seems  never  to  be  slain  ;  and  after  a 
hundred  <h  f*  ats  it  is  at  this  day  as  rampant,  though  happily  not  so 
mischievous,  as  in  the  time  of  Galileo. 

"  But  to  those  whose  life  is  spent,  to  use  Newton's  noble  words,  in 
picking  up  here  a  pebble  and  there  a  pebble  on  the  shores  of  tiie  great 
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ocean  of  truth — who  watch,  ^ny  bv  dav,  the  plow  !)ut  sure  advance  of 
that  mighty  tide,  bearing  on  its  bosom  the  tlK>u>a(Hl  ti  tasurts  where- 
with mail  ennobles  and  beautifies  his  life—  it  wouUl  be  Laughable,  if  it 
were  not  to  sad,  to  see  the  little  Canutes  of  the  hour  enthroned  in 
iolemn  state,  bidding  that  great  ivave  to  stay^  and  thralening  to 
dieek  iti  benefioent  progress.  The  wave  rises  and  tfaej  fly ;  but  uslilco 
the  brave  old  Dan^  they  learn  no  lesson  of  humility :  the  thfooe  ia 
pitched  at  what  seems  a  safe  distance/  and  the  folly  is  repeated. 

**  Surely,  it  is  the  duty  of  the  public  to  discourage  everythirtjT  f>f  this 
Itind,  to  discredit  these  fooHf?h  meddlers  who  think  they  do  tlie  Almighty 
a  service  by  preventing  a  thorough  study  ol  his  works. 

"  The  (Jrigin  of  Species  is  not  the  first,  and  it  will  not  be  the  last,  of 
the  great  questions  bom  of  science,  which  will  demand  settlement  from 
this  generation.  The  general  mind  is  seethinff  straugely,  and  to  those 
who  watch  the  signs  S  the  times,  it  seems  |Maln  that  this  mneteeDth 
century  will  see  revolntions  of  thonght  and  ptactica  as  grast  as  those 
which  the  sixteenth  witnessed.  Through  what  trials  and  sore  contesta 
the  civilized  world  will  have  to  pass  in  the  course  of  this  new  rafinmar 
tion,  who  can  tell  ? 

But  I  verily  believe  that  come  what  will,  the  part  which  England 
may  jilay  in  the  battle  is  a  grand  and  a  noble  one.  She  may  pruve  to 
the  world,  that  for  one  ptiople,  at  any  rate,  (l<  spotism  aud  demagoguy 
are  not  the  necessarj'  alternatives  of  government ;  that  freedom  and 
order  are  not  incompatible;  tliat  reverence  is  the  handmaid  of  know- 
ledge ;  that  free  discussion  is  the  life  of  truth,  and  of  true  unity  in  a 
nation. 

"  Will  England  play  this  part  ?  That  depends  upon  how  you,  the 

public,  de^l  with  sdence.  Cherish  her,  ▼enerate  her,  follow  her 
methods  fiiithfally  and  implicitly  in  their  application  to  all  branches  of 
human  thought;  and  the  future  of  this  people  will  be  grester  than  the 
past. 

**  Listen  to  those  who  would  silence  and  crush  her,  and  I  fear  our 
children  will  see  the  plory  of  En<;land  vanishing  like  ArUiur  in  the 
mist  J  they  will  cry  too  late  tlie  wofui  cry  of  Guiiiever: 

•  It  was  my  thity  to  have  loved  the  highest; 
It  surelv  wa«  my  profit,  had  1  kuown; 
It  would  havs  bsca  xny  pleasure  hsA  I  stsa.'" 

[T.  H.  H,] 
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On  the  Influence  oj  Science  on  the  Art  of  Calico-Priniing, 

C  aijIco  printing  has  partaken  of  the  general  progress  of  the  inaDiiihiO* 
taring  arts ;  and  thia  can  be  eanly  undentood  wfaen  it  is  remembefed 
that  it  is  based  upon  three  distinct  branches  of  iLnowledge— meehanioiy 
arty  and  ehemisUy.  Not  being  aoqaabted  with  maiSunery,  I  shall 
not  attempt  to  describe  the  various  mechanical  improvements  and 
machines  which  have  been  introduced  ;  but  shall  confine  myself  to 
stating  that  ever  since  1815,  the  period  at  which  it  was  first  extensively 
applied  in  the  printworks  of  Lancnshire,  machinery  has  grathmlly 
supplanted  hand  labour,  and  thereby  immensely  decreased  the  cost  of 
production,  at  the  same  time  that  it  has  improved  the  beauty  and  pre- 
cision of  the  results  obtained. 

Pencilling  and  Bloek'Printir^.—J>jmng  the  early  part  of  tine 
century,  the  production  of  dengns  upon  otlico  was  peifonned  by 
means  iiand-UockSy  made .  of  sycamore  or  peartree  wood,  two  or 
three  inches  thick,  nine  or  ten  inches  long,  and  about  nine  broad.  Tlie 
&ce  of  the  Idock  was  either  carved  in  mief  into  the  desired  pattern, 
like  ordinary  woodcuts  ;  or  the  figure  was  formed  by  the  insertion  edge- 
wise into  the  wood  of  narrow  s!if^  of  tiattened  coiij)tT  wire,  and  the 
patterns  were  finished  by  the  hand  labour  of  women  with  sinaJi  brushes 
called  ])eii('il]ings.  Owing  to  a  strike  ;tni(ni(j:;st  the  block-printers  in 
1816,  to  resist  the  threatened  introduction  ot  machinery,  great  etiorts 
were  made  on  the  part  of  the  employers  to  render  themselves  indepen* 
dent  of  hand  laiioor  $  and  the  result  lias  been  the  gradual  introductioii 
of  cylinder  printing*  Without  entering  into  the  intricate  details  of 
the  steps  by  which  the  art  of  engraving  has  been  carried  to  its  presoni 
high  degree  of  perfection,  I  shall  simply  give  an  outline  of  the  auooes* 
five  improvements  alluded  to. 

En(jrmnng. — The  first  kind  of  roller  used  was  mnde  by  bending  a 
sheet  of  copper  into  a  cylinder,  soldering  the  joint  with  sUver|aod  then 
engraving  upon  tlie  contiimous  sarfnre  thus  obtained. 

The  second  iiniirovcineat  consisted  in  producing  the  pattern  on 
copper  cylinders  ublaiued  by  casting,  boring,  drawing,  a ud  hammering. 
In  this  case,  the  pattern  is  first  engraved  in  intaglio  upon  a  roller  of 
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softened  steel,  of  the  necessary  dimensions.  This  roller  iis  then  hard- 
ened rtkI  introduced  into  a  press  of  peculiar  construction,  where,  by 
rotatory  pressure,  it  transfers  its  design  to  a  similar  roller  in  the  soft 
State,  and  the  die  being  in  inta*^lio,  tlie  latter,  called  the  mUl,*'  is  in 
relief.  This  is  hardened  in  its  turn,  and  bs  proper  machinery  is  made 
to  coiivey  its  pattern  to  the  fuil-sized  copper  roller.  This  iuipruve- 
ment  alone  reduced  tiie  cost  of  engraving  on  copper  rollers  many 
hundreds  per  cent. ;  and,  whieh  is  of  far  greater  importance^  made 
pncdcable  an  infinite  number  of  intricate  engraTings  which  could 
never  have  been  produced  by  hand  labour  applied  directly  to  the 
roller. 

A  farther  improvement  was  made  by  tracing  with  a  diamond  on 
the  copper  roller,  covered  with  varnish,  the  most  complicated  patterns 

by  means  of  excentrics,  and  then  etcliing. 

The  combination  of  mill  enfrravins:  with  the  tracing  and  etching 
processes  naturally  followed,  adding  iimiiensely  to  the  resources  of  the 
engraver  and  printer  m  production  ol Hovel  designs. 

Another  development  of  this  art  is  the  tracing  of  j)atterns  on  the 
surface  of  rollers,  wiiich  has  been  effected  by  machines  construcieil  on 
the  principle  of  the  pentagraph.  Although  this  invention  dates  from 
1834,  still  It  li  ODljr  of  late  yean  that  it  baa  been  socecsefiilly  applied. 

But  if  meofaanical  art  liaa  greatly  assisted  the  engraver,  chemistry 
baa  rendered  him  equally  unportant  services,  enaUing  bim  to 
abandon  costly  and  cumbroua  modes  of  impressing  by  Soroe  the  designs 
on  tbe  <7linder»  substituting  for  them  a  great  number  of  etching  pro- 
cesses. By  some  of  these  processes,  as  by  every  other  addition  to  the 
resources  of  the  engraver,  an  entirely  new  and  beautiful  claasofeo- 
graving  is  produced,  unattainable  by  any  other  known  means. 

A  very  recent  improvement  is  highly  interesting^  in  a  seieutitic 
point  ol  ^iew.  It  is  the  application  of  galvanism  to  the  diamond 
tracer.  By  combining  the  galvanic  action  with  the  ex  centric  motion, 
most  beautiiul  and  delicate  engravings  can  be  produced.  This  is 
effected  by  tracing  the  pattern  with  a  varnish  on  a  zinc  cylinder, 
which  ia  so  placed  In  tbe  engraving  machine,  thai  aa  a  needle  passes 

ererits  sormoe,  and  comes  in  contact  wilhtlMaiBC^  the|falvanic  eunrent 
ia  eetabliahed,  and  by  simple  machinery,  canaes  the  diamond  to  trace 
the  corresponding  pattern  on  the  copper  roller.  The  communication 
is  so  rapid  and  so  predae,  titat  this  invention  of  l^Ir.  Gaiffe,  cf  Pasis^ 
bids  &ir  to  produce  very  important  results.  Galvanism  is  also  made 
use  of,  for  prodndag  effects  on  roller  sur^Mses  by  depositing  copper 
thereon. 

To  give  an  idea  of  the  extraordinary  intiuence  wliich  the  intro- 
duction of  maciiiuf  ry  and  improvements  in  en<rrav!n«T  Imve  had 
in  cheapening  the  cost  of  printed  calicoes,  I  may  stale,  that  large 
lurniture  patterns,  such  as  are  recpiired  for  'i  urkii.h,  i^gyptian,  and 
Persian  markets,  into  which  16  colours  and  shades  enter,  would  have 
coat  fomerly,  frmn  dOtf.  to  35«.  per  piece,  because  tbey  would  have 
teqidred  16  diatinct  applications  of  aa  many  diffinrent  bioeka,  and 
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iroold  hftTe  ooeopied  more  than  a  week  In  printing;  whereas  tlw 
same  piece  can  now  be  printed  in  one  single  operation,  which  takat 
three  minutes,  and  costs  5s.  or  Gs\  So  rapid  is  tlie  prof^ress  of  one 
branch  of"  manufacture  in  cuiintxion  with  anotlier,  tluit  it  has  only 
recently  bK n  possible  to  produce  the  rollers  capable  ot  performing 
tills  o£>eraiion,  that  is  to  say,  cylinders  of  copper  43  inches  in  circum- 
fereoe,  by  44  inches  long.  For  light  btyles  of  printing,  the  tiuio 
leqniied  to  print  a  piece  of  36  yards  is  not  more  than  one  minute. 

0Hxia8nT.-^l&t  the  diioovenr  which  has  exendsed  more  infliMDca 
ttan  any  other  on  the  progress  of  calico  printiDg,  is  the  application 
of  chkiim  gas  as  a  bleaching  agent.  Previously  to  the  employment 
of  this  gas,  (chiefly  as  bleaching  powder)  the  imperfect  bleaching  of 
a  piece  of  ciilico  required  six  weeks  ;  and  as  it  had  to  be  exposed  to 
the  artion  of  the  atum'^phcre,  a  large  surface  of  land  was  required. 
Further,  at  that  time,  bleachers  had  to  use  j)otashes  imported  from 
Canada  ;  wliereas,  at  the  present  time,  thanks  to  the  progress  of 
chemical  knowledge,  not  only  is  soda-ash  manufactured  in  this 
country ;  but  by  the  application  of  bleaching  powder,  calicos  are  much 
better  bleached  In  24  honre  than  they  weie  fonnerly  by  a  six  week^ 
exposure  to  the  atmosphere ;  and  even  when  an  extra  cleaning  and 
wUieDess  is  required,  as  for  madder  goods,  only  two  days  are 
neoeesary.  The  aid  of  machinery  renders  possible  the  oontinuoue 
process  ;  that  is  to  say,  several  hundred  pieces  of  gray  calico  are  sewn 
together,  end  to  end,  and  ninflo  to  pass  from  one  operation  to  another, 
without  any  pause,  uTitil  they  are  bleached.  So  rapid  and  economical 
Is  this  method,  that  tlie  cost  of  bleaching  a  piece  of  calico,  does 
not  excted  one  or  two  penc6.  Chlorine,  again,  renders  a  great  ser- 
vice to  the  calico-printer,  by  enabling  him,  after  his  madder  goods 
have  been  product  and  soaped,  to  obtain  fine  whites  without  the 
necessity  of  exposing  them  for  several  dm  in  the  meadows  to  the 
action  of  the  atmosphefe.  In  laet,  the  discovery  of  ganmeSm  and 
oiU^arine,  and  their  application  to  calico>printing,  have  fiicilltated  tiie 
inrodnction  of  madder  styles,  at  very  low  cost,  as  the  whites  of  such 
goods  require  do  soaping,  and  only  a  little  bleaciiing  or  cleaning 
powder. 

Cotton  has  this  |>e('uliarity.  ns  distiiiguishiHl  fmni  wool  and  silk, 
that  it  will  not  fix  any  organic  colour,  excepting  indigo,  M'illiout  the 
interposition  of  a  mordant,  which  is  generally  a  metallic  oxide  or  salt. 
The  two  most  important  discoveries  in  connexion  with  this  necessity  of 
caliixhpiinting  were ;  first,  that  made  in  1820,  by  Mr.  Geoive  Wood, 
of  Bawmdge,  who  found  oot  the  means  of  preparing  caucos  with 
peroxide  of  tin,  which  enabled  printers  to  produce  a  large  variety  of 
prints  called  steam  goods  s  and  secondly,  that  of  Walter  Crum,  Sleq., 
F.R.S.,  who  in  a  paper  presented  to  the  British  Associatkm,  at 
Aberdeen,  in  1859,  showed  that  the  tedious  process  of  ageing  madder 
mwdants^for  three  or  four  days,  might)  be  dispensed  with.  l>y  passing 
the  g-oods  during  a  quarter  of  an  hour  through  a  moist  atmos])liiM at 
a  temperature  of  80^  to  luo  ,  where  the  mordants  absorb  the  required 
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qiiftntity  of  moisture,  and  then  rapidly  undergo  the  chemical  changes 
necessary  to  fit  them  for  producing  tlie  black,  purple,  lilac,  rod,  pink, 
aiid  chocolate  colours,  which  the  niud<it'r  rout  will  yield  iiuiiM  tliately 
in  tlie  dyebeck,  according  to  the  nature  ol  the  mordant  previously 
fixed  in  the  cloth. 

As  it  is  impossible,  in  the  brief  space  of  au  hour  to  convey  an  idea 
llow  various  colours  are  produced  on  prints,  I  shall  confine  my  reiiiarks 
to  illuttFBtiDg  the  interestiiig  &el  that  abe^use  aaenoe  hm  brought  to 
light  varioQt  Biibitaiioeiy  which  have  lately  proved  valuable  aoeemiriea 
to  the  resources  of  the  ealico-printer.  TlmSy  Dr.  Ptout^  some  thir^ 
or  forty  years  ago,  made  the  curlouadiBCOveiy,  that  uric  acid  powcMcd 
the  property  of  giving  a  beautiful  red  colour,  vrhen  heated  with  nitric 
acid  and  then  brought  into  oootact  with  ammonia.  The  substance 
thus  obtained  was  further  examined  by  Messrs.  IJebig  and  Wohler, 
in  a  series  of  resctirclies  which  have  been  considered  iia  amongst  the 
most  important  evermade  lu  organic  chemistry  ;  and  this  substance  they 
called  Murej  Hle,  lu  the  course  of  these  investigations,  they  also  dis- 
covered a  white  crystalline  substance  called  Alloxan,  i-'or  twenty 
yeai's  both  these  substances  were  only  to  be  found  in  the  laboratory  ; 
but  in  1851  Dr.  8aac  observed  that  alloxan,  when  in  contact  w  iiii  the 
hand)  tinged  it  red.  This  led  him  to  infer  that  allojLan  might  be 
employed  to  dye  woollens  ted;  and  further  experiments  oonvinced  him 
that  u  woollen  cloths  were  prepared  with  peroxide  of  tin,  pamed 
through  a  solution  of  alloxan,  and  then  submitted  to  a  genUe  heat, 
a  most  beauti&l  and  delicate  pink  colour  resulted.  Subsequently 
murexide  was  employed  and  applied  successfully  by  Mr.  Depouilly,  of 
Paris,  to  dyeing  wool  and  silk,  and  to  printing  calicos,  by  the  aid  of 
oxide  of  lead  and  chloride  of  rnereury  as  mordants  ;  but  the  great 
obstacle  to  its  extensive  use  was  tin  ^iiliiculty  of  obtaining  iirie  acid  in 
sufficient  quantity  for  its  manufiu  hue.  'i  he  idea  soon  occurred  to 
chemists  to  extract  it  from  gii.uo  :  and  this  is  the  curious  source 
whence  the  chief  supply  of  uric  acid  is  obtained,^  and  which  enables 
Edmund  Potter,  Esq.,  and  other  printers,  to  produce  the  colour  called 
Tyiian  purple. 

Another  example  will  l»e  found  in  the  successive  scientific  dis- 
coveries which  have  led  to  the  discovery  of  the  recently  popular 
colour,  Mauve,  lichens,  which  have  been  the  subject  of  extensive 
researches  on  the  part  of  Hobiquet,  Heeren,  Sir  Bobert  Kane,  Dr. 
Schunck,  and  especially  of  Dr.  Stenhouse,  have  yielded  to  those 
chemists  several  new  and  colourless  organic  substances,  which,  under  the 
intiuence  of  air  and  ammonia,  give  rise  to  most  brilliant  colours,  and 
amongst  the^e  nre  orchil  and  litmus.  Dr.  Stenhouse,  in  a  most 
elaborate  paper,  published  by  the  Koyal  Society  in  1848,  pointed  out 
two  imjjorlant  facts;  first,  that  the  colour-giving  acids  could  be  easily 
extracted  ironi  the  weed  by  macerating  it  in  lime  water,  from  winch 
the  colouring  matters  were  easily  separated  by  means  of  an  acid  ;  and, 
secondly,  the  properties  of  certain  colouring  acids,  which  gave  M, 
Mamas,  of  Lyons,  the  I^ey  which  enabled  him  to  produce  comuier- 
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eially  from  licliPTm,  a  fast  mauve  and  purple  whidi  op  to  1867  had 
been  cont-idered  impoBsihlo  of  attainment. 

The  conmiercial  production,  by  Mr.  W,  H.  Perkin,  of  another 
purple,  lit  the  same  time,  is  not  less  interesting.  Some  thirty  or  forty 
jrarsago,  I>r.  Runge  obtained  froia  coai-tar  six  siihstances  ;  amongst 
whidi  was  one  called  Kuanol,  which  substance  wa»  thoroughly 
oamined  bj  0r.  W*  A*  luifiiiaiiii,  irho  proved  it  to  be  an  organic 
alkaloid,  and  identical  with  a  subetanoe  known  by  the  name  of  aniline. 
Owing  to  the  mbaeqoent  atudy  of  this  subetanoe  by  that  eminent 
dieniist,  and  the  discovery  that  it  yielded  a  beautiful  purpje  colonr 
when  placed  in  contact  with  bleaching  powder,  his  pupil,  Mr.  W. 
H.  Perkin,  was  induced  to  make  ezperimetits,  with  a  view  to  pro- 
ducing commercially,  a  fast  purple,  in  which  he  succeeded,  and  secured 
it  by  a  patent  in  1857.  The  proems  devised  by  tliis  clicnnst  is 
exceedingly  *<imple.  It  consists  in  oxidising  aniline  hv  menus  of 
bichromate  ol  potash  and  sulphuric  acid.  I  shall  not  attempt  in  *rive 
any  furllier  details  on  i\m  subject,  as  they  liave  been  very  abiy 
described  by  Mr.  Robert  Hunt,  in  the  Art  Journal. 

More  recently  Mr.  Kenard  found  a  method  of  producing  also 
from  aniline,  by  means  of  chlorine  eompounds,  a  most  splendid  rose 
sokrar,  called  by  him  Fnektiacine ;  and,  within  the  last  few  months, 
Mr.  David  Price  has  also  succeeded  in  producing  from  aniline,  by 
the  employment  of  peroxide  of  lead,  either  a  fiut  purple,  or  a  pink, 
csUed  by  him  Roseine,  and  a  last  blue,  according  to  the  mode  of 
operating.  All  these  colours  require  special  mordants  to  fix  them  on 
calicos  or  muslins ;  and  the  beautiful  specimens  which  I  have  the 
honour  to  lay  before  you  I  owe  to  the  kindness  of  Messrs.  James  Black 
uiid  Co.,  luid  Messrs.  lioyd  and  Hamel,  of  Glas^;ow,  wlin  fK^^•e  fixed 
the  iHst-meutioiit^  colours  by  means  of  azutised  principles,  such  as 
albumen,  lactarine,  &c. 

I  cannot  give  a  better  idea  of  the  immense  magnitude  of  the  calico- 
prbting  trade  than  by  quoting  the  number  of  yards  exported, 
which  amounted,  in  1858,  to  785,666,473— -and  give  a  price  value  of 
£13,147,280. 

I  cannot  conclude  without  expresring,  also,  my  thanks  to  Mr*  Wood, 
of  the  firm  of  Wood  and  Wright,  and  Mr.  R.  Leake,  of  the  firm  of 
Lockett,  Sons,  and  Leake,  Messrs.  Dalglish  and  Faulkners,  for  the 
oumerooa  and  valualile  specimens  which  they  have  kindly  lent  me  to 
illustrate  my  discourse  ;  and  especially  to  Mr.  W.  (^rant  for  the  loan 
of  a  most  interestinjT  book,  which  benrs  the  drite  of  1790,  containing 
Uie  pattoms  belonging  to  the  late  him  of  bir  liobert  Peel,  Bart. 

[F.  C.  C] 
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WEEKLY  EVKi^ll^G  MEETING, 

Friday,  February  24,  I860. 

Sut  HwrnT  Hou.AifD,^BAKT,  M.D,  F.R.S.  Vice-Praiideut, 

in  the  Chair. 

WujuAM  li.  CAEPfiNTBR,  M.D.  F.K,S,  F.G.S.  F.L.S. 
Om  ike  MUUhn  oftke  VUal  to  ike  Pkyeietd  Fcreee. 

Ix  every  period  of  the  history  of  Phyiiology,  attempta  have  been  made 
to  identify  all  the  foroei  acting  io  the  living  body  with  thoae  operating 
in  the  inorganic  uniYerae.  Becaiue  mufictuar  roroe,  when  brought  to 
bear  on  the  bonea,  moves  them  aooording  to  the  mechanical  laws  of 
lever-action,  and  because  the  propulsive  power  of  the  heart  drives  the 
blood  through  the  vessels  according  to  the  rules  of  hydraulics,  it  has 
been  imapiied  that  the  movements  of  living  bcM^ies  maybe  exiilainedmi 
physical  principles; — tlic  most  important  conyiileratioii  of  ail,  namely, 
the  source  of  tliat  contractile  power  which  the  living  muscle  pos-^es^, 
but  which  the  dead  muscle  (tliough  having  the  same  chemical  comptjiii- 
tion)  is  utterly  incapable  of  exerting,  being  altogether  left  out  of  view. 
So,  again,  beciiuse  the  digestive  process,  whereby  food  is  reduced  tu  a 
fit  atate  for  absorption,  as  well  as  the  formation  of  various  products  of 
the  deoomporitien  that  ia  oontinually  taking  place  in  the  living  body, 
may  be  imitated  in  the  laboratory  of  the  chemist ;  it  has  been  supposed 
tlmt  the  appropriation  of  the  nutriment  to  the  production  of  the  livioff 
organised  tissues  of  which  the  several  parts  of  the  body  are  eomposei^ 
IS  to  be  regarded  as  a  chemical  action ; — as  if  any  combinatioD  of 
albumen  and  gelatine,  fat  and  starch,  salt  and  bone-earth,  could  make 
a  living  man,  without  the  constractive  agency  inherent  in  the  germ 

from  which  his  fabric  is  evolved. 

A  scarcely  Irss  unpbilosopliical  method  has  been  pursued  by 
another  class  of  reii>.uners,  who  have  cut  the  knot  which  they  could  not 
untie,  by  attributing  all  the  actions  of  livinc?  bmUes  for  which  physics 
and  chemistry  cannot  account,  tu  a  hypothetical  *'  vital  principle  '* ;  a 
shadowy  agency,  that  does  everything  in  its  own  way,  but  refuses  to  bs 
made  the  subject  of  scientific  examination ;  like  the  deeliidty  or  the 
spiritual  power,  to  which  the  lovers  of  the  marvellous  are  so  food  of 
attributing  the  mysfeerioua  movements  of  turning  and  tilting  tables. 

A  decided  advance  has  been  made  in  Physiology,  however,  by  the 
introduction  of  the  dynamical  ideas  furnished  by  phyrics  and  chemistiy, 
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into  the  domahi  of  life.  The  phonomena  that  seem  altogether  peenliar 
to  living  bodies  are  now  ranlted  in  the  category  of  i/VaMictiong  ;  Uiey 
are  reparded  rs  t!ic  results  of  a  special  form  of  force,  which  is  as  dis- 
tinct from  cheiiiioal  artinity  or  from  mechanical  j)ower,  as  tluse  are 
from  each  otlier;  and  the  scientific  |)liysiologist  aims  to  discover  the 
law^  of  its  operation,  just  i\s  tlie  chemist  seeks  for  tliu  laws  of  aihnity, 
or  the  physicist  for  those  of  motion. 

Now,  of  all  temi  of  Tital  aistion,  there  ie  none  so  oniTenal,  so 
foDdameDtol,  or  so  chmeCeristie,  as  that  by  wlii<&  the  living  organism 
is  built  up— -or  rather  builds  itself  op— fh>m  the  germ,  by  the  apfno- 
pviation  of  materials  derived  from  external  sources,  and  subsequently 
maintains  itself  in  its  typical  form  during  its  term  of  life ;  and  the 
force  -which  eilects  this  has  heeri  commoiily  de^ijjTiated  by  some  distinc- 
tive title,  such  as  tlie  nisus Jormatirffs\  tiic  hihh/nystricb,  or  the  gertn- 
force,  Ihis  force  has  been  commonly  considered  to  be  orip^inally 
iniicrent  in  the  germ,  and  to  have  been  derived,  like  the  materia)  sub- 
stance oi  that  germ,  from  the  parental  orgnnism  whidi  produced  it. 
In  tliis  mode  of  viewing  the  subject,  all  the  organizing  force  required  to 
build  up  an  oak  or  a  palm,  an  elepbaat  or  a  wbale^  most  be  conoen- 
tfuted  in  a  minute  paniels^  ouW  discernible  b^  microscopic  aid ;  and 
the  aggr^pto  of  all  the  germ-ibreee  appertainmg  to  the  descendants, 
however  nomerous,  of  a  common  parentage,  must  liaTe  eiisted 
in  their  progenitor.  Thns.  in  the  case  of  t!ie  successive  viviparous 
broods  of  Ap/iifhs.  a  p;enn-tbrce  capable  of  organizing  a  mass  oflivinp^ 
structuTT,  wliich  wouhl  amount  (it  has  licen  calculated)  in  tlio  tenth 
brood  to  the  bulk  of  5iH)  rnillioiis  of  stout  men,  must  have  been  shut 
u})  in  the  single  individual,  weigiiing  perliaps  the  l-lOOOth  of  a  grain, 
from  which  the  first  brood  was  evolved.  A  more  complete  reductio  ad 
aibtttr4im  eau  scarcely  be  brought  against  any  hypothesis ;  and  we 
inay  consider  it  proved  thai|  in  some  way  cmt  other,  fresh  organizing 
force  is  constantly  being  supfdied,  ab  externa,  during  the  vrbole  period 
ef  the  exensise  of  its  activity. 

,  J  When  we  carefully  look  into  the  question,  we  find  that  what  the 
ffemt  renllv  supplier  is  not  the  force,  bnt  the  (firrrfire  ao^ency  ;  thus 
rather  resembling  tlie  control  exercise<l  by  the  superinten<Ient  builder 
who  is  charjK  (1  with  working  out  the  design  of  the  architect,  than  the 
bodily  force  ol  the  workmen  who  labour  under  his  guidance  in  the  con- 
struction of  the  fabric.  The  agency  of  the  germ  may  be  regarded,  like 
Magnetism,  as  a  ektOe  force ;  and  just  as  magnetum  requires  to  be 
eonunned  with  motion  to  enable  it  to  develope  deotficHy,  so  does  the 
difeetiivo  asency  of  the  germ  need  the  eo-cpemtioii  of  a  4pmuMie 
fane  Ibr  the  manifestation  of  its  organising  power.  That  dynamie 
force,  as  we  learn  from  an  extensive  survey  of  tlie  phenomena  of 
life,  is  I  Teat ;  the  influence  of  which  upon  the  rate  of  growth  and 
development,  both  nnimni  atid  vegetable,  is  so  marked  as  to  have 
universally  attracted  the  attention  of  phvsioloorists,  who,  however, 
have  only  recognised  in  it  a  rital  siifni/ius,  calling  forth  the  latent 
power  of  the  germ,  instead  of  looking  upon  it  as  itself  furnishing  the 
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power  that  dof^s  t!ie  work.  Tt  Iras  bwn  from  the  narrow  limit^^tion  of 
tlie  area  ovet  wliich  }iliysiologicai  research  lias  been  commonly  pro- 
secuted, that  the  intunacy  of  this  relationship  between  h^t  and  ihe 
organizing  force  has  not  sooner  become  apparent.  Whilst  the  vital 
phenomena  of  warm-blooded  animals,  which  possess  witliiu  themselvei 
tlM  meuM  of  mdntaining  a  eonslaat  tempentaire,  wm  made  the  wsA^ 
or  at  any  nte  the  chief  oljects  of  itiidjr^  it  was  not  likelj  that  the 
inquiier  would  recognise  the  influence  of  external  heat  In  aooelenitii^y 
or  of  cold  in  retarding,  their  functional  activity.  It  is  only  when  the 
atinrey  is  extended  to  cold-blooded  animals  and  to  planti,  that  the 
immediate  and  direct  relatioji  Hptween  Heat  and  Vitiil  energy,  as 
manifested  in  the  rate  of  growth  and  development,  or  of  other  changca 
peculiar  to  tlie  living  body,  is  unmistakeably  manifested. 

The  action  of  Heat  on  the  Vegetable  kingdom,  it  is  true,  cannot  l)e 
fully  elieciive  without  Light;  but  this  latter  force  would  appear  to  lie 
concerned  rather  in  providing  the  mat^als  at  the  expense  of  which 
the  plant  grows,  than  in  converting  these  materials  into  living  tisrae. 
Its  action  is  limited  to  the  surfiuse ;  and  it  is  mainly  exerted  io  deoom* 
posing  the  carbonic  acid  of  the  surrouudiog  medium,  and  in  uniting  the 
earbon,  (oxygen  being  set  free)  with  oxygen  and  hydrogen,  to  form 
starch,  chlorophyll,  &c.,  and  with  nitrogen  in  addition  to  form  albu- 
minons  cnmpotmdsv    If  supplied  with  these  by  other  means,  plants  cm 
grow  witliout  light  ;  as  we  see  \n  the  instances  of  the  germitmting  seed, 
which  lives  on  the  store  laid  up  by  its  parent  in  the  cotyledoiis,  and  of 
leafless  j)arasites  and  fungi,  which  appropriate  materials  previonsly  pre- 
pared by  other  plants.    On  the  otlier  hand,  the  rate  at  which  gernuua- 
tion  proceeds  is  entirely  regulated  by  the  degree  of  heat  to  which  the 
■eed  is  subjected ;  and  the  same  thing  is  true  with  regard  to  the  rate  of 
development  of  the  egg  in  cold-blooded  animals.   By  the  time  that  the 
plumula  of  the  young  plant  is  beginning  to  unfold,  the  store  of  material 
laid  up  in  the  seed  is  exhausted  ;  and  henceforth  the  plant  is  mainly 
dependent  upon  Light  for  the  jwwcr  of  forming  (at  the  expense  of  tlie 
materials  supplied  l)y  the  inorganic  world )  those  organic  compounds, 
without  a  due  suj>ply  of  which  no  furtlicr  irrowth  or  development  can 
take  place  ;  the  cuiiUuued  actiou  oi  lieat  being  required  to  turn  these 
materials  to  account. 

A  note-worthy  suggestion  has  lately  been  made  by  Prof.  Le  Conte 
(of  South  Carolina  Cdlege,  U.S.),  with  reference  to  the  fiict  that  in 
genninatioo  a  certain  proportion  of  these  organie  compounds  is  given 
back  to  the  inorganic  world,  in  tliat  libention  of  carbonic  acid  which 
Is  a  remarkable  feature  of  the  process ;  and  that,  during  the  whole  snb- 
aequent  life  of  plants,  a  similar  process  is  continually  taking  place  to 
a  certain  extent,  even  whilst  the  green  surfaces  of  the  plant  are  mo^?t 
activelv  engaged  in  fixinp^  carbon  from  the  atmosphere,  and  in  fifiicrat- 
ing  orjzi^i'if^  coinpoutids.  May  not  the  force  liberated  (he  asks)  in  tlie  fjill 
of  a  certiim  portion  of  these  org:inic  products  down  to  the  lower  level  of 
8imi)le  binary  compounds,  be  necessary  for  liie  tlevaLion  of  another 
portion  to  the  rank  of  living  tissue?   That  such  is  not  unlikely  to  be 
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the  true  view  of  the  case,  would  appear  from  the  circumstance  that 
r*H'pnt  pxperimenti!  have  shown  tliat,  to  keep  up  a  warm-blooded 
aiiiiiKil  to  its  full  weight,  a  considerably  larger  amount  of  food  is 
quired  than  would  suffice  to  supply  the  necessary  waste  of  the  body,  aa 
determined  by  the  loss  of  weight  which  it  undergoes  when  food  is 
entirely  withheld ;  from  which  it  seems  quite  clear  that,  in  some  mode 
or  other,  tlie  deoompodtion  of  a  certain  proportion  of  the  food,  t.tf. 
iti  deMent  from  a  higher  to  a  lower  form  of  chemical  oombinatioii,  ia 
ncccoBaiy  to  the  convcmloii  of  the  rest  into  living  organized  timae. 

The  oontioiial  decay  which  is  going  on  during  the  life  of  a  Plant 
(by  the  seasonal  death  of  its  leaTCB,  as  well  as  by  the  decomposition  jost 
adverted  to)  restores  to  the  inorganic  world,  in  the  form  of  carbonic 
arid,  water,  and  nmmonia,  a  large  part  of  the  materials  drawn  from  it 
iu  the  act  of  vegetation;  and,  with  the  txrrptionof  those  vegetable 
products  which  are  consumed  as  food  by  animals,  or  which  are  pre- 
served (like  timber,  ilax,  cotton,  &c.)  in  a  state  of  permanence,  the 
various  forms  of  decomposition  which  take  place  after  death  complete 
HbaX  restoration.  But  in  retoming,  however  slowly,  to  the  condition  d 
water,  caibonlc  acid,  ammonia,  Sc.,  the  coostitttents  of  plants  give* 
£oTth  an  amount  of  heat  equivalent  to  that  which  they  would  generate  by 
the  process  of  ordinary  combustion ;  and  thus  they  restore  to  the  inoi^ 
ganic  world  not  only  the  materials  but  the  forces^  at  the  expense  of 
which  the  ve^retable  fabric  wa«!  constrnrted.  It  is  for  the  most  part 
only  in  the  humblest  plants,  and  in  a  particular  phase  of  their  lives, 
that  such  a  restoration  takes  place  iu  the  form  of  motion  ;  this  motion 
being,  like  growth  and  dtiv  i  lopment,  an  expression  of  the  vital  activity 
of  the  zoospores"  of  Alga:,  and  being  obviously  intended  for  their 
dispersion. 

Hence  we  seem  justified  in  afiirming  that  the  correlation  betweeiir 
Heat  and  tlie  Vital  force  of  Plants  is  not  less  intimate  than  that  which 
exists  between  Heat  and  Motion,  The  special  attribute  of  the  vegeta- 
ble germ  is  its  power  of  effecting  the  metamorphosis,  and  of  utilizing 
the  orgnniTing  foffoo  according  to  the  plan  of  construction  characteristic 
of  each  species. 

It  is  a  consideration  of  no  little  inft  rt  st,  that  on  this  view  the  light, 
heat,  and  mechanical  power,  which  we  now  obtain  from  the  combustion 
of  Coal,  are  really  derived,  tlirough  the  vegetable  life  of  the  carboni- 
ferous epoch,  from  the  light  and  heat  communicated  to  the  flora  of 
that  epoch  by  the  sun  ;  a  ftet  which  was  discened  by  the  genius  of 
George  Stephenson,  before  the  general  doctrine  of  the  "  correlation  of 
Ibroes'*  had  been  given  to  the  world  by  Mr.  Grove. 

The  results  of  the  inquiry,  therefore,  io  fiir  as  developed  in  this 
discourse,  (the  forces  specially  concerned  in  producing  the  phenomena 
of  Animal  life  not  having  been  included,  for  want  of  time)  are  in  com- 
plete harmony  with  the  great  doctrine  of  the  c oiisi  rvation  of  force, 
according  to  which  it  is  no  less  true  that  9UI  Jit  ad  nilaium^  than  that 
nilJUex  nihiUh 

[W.  B.  C] 
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in  the  Chair* 

I'&OF£SSOS  U.  E.  Rosco£, 

On  iht  Meamrmefii  ^  ike  Ckmical  Actum    ike  Sohr  Sapi* 

Thoib  portioni  of  the  solar  raya  whieh  Yibrate  moat  alowlj,  and  are 
aitnated  near  the  red  end  of  the  speetmniy  are  those  which  mnnly* 
regulate  the  alterations  of  temperature  on  the  surface  of  our  planet. 
They  are,  par  excellence,  the  heating  rays.    They  principally  produce 

all  tliosp  motions  in  our  atmosphere  whieh  we  term  winds ;  they  effect 
those  p:raii(I  plicnoTiiena  of  distillation  and  deposits  which  we  caW  niins; 
and  tlio  amount  and  distribution  of  those  heating  rays  at  any  point  on 
the  earth's  surface  determines  the  thermal  cliumte  of  that  point. 

On  a  scale,  perhaps  less  grand,  but  certainly  not  less  important  as 
regards  their  effiscts,  are  the  aetions  prodneed  by  the  most  rapidlj 
vibrating  portion  of  the  sun's  rays ;  thiose,  namely,  which  are  situated 
near  the  violet  end  of  the  spectrum.  These  rays  liBTe  been  called  the 
chemical  rays,  because  it  is  by  these  especially  that  the  ishemical 
action  of  the  sunlight  is  effected.  It  is  in  presence  of  these  rays  alone 
that  the  plant  is  ennhled  to  decompose  the  carbonic  acid  of  the  air,  to 
assimilate  the  c:u  l)on,  restoring  the  oxy pnn  for  tlie  subsequent  use  of 
animals.  Hence  tlie  nitiount  atid  distriljution  of  these  rays  at  any  given 
place  regiilatrs  to  a  great  extent  the  eiiarnc  ter  of  the  fauna  and  flora  ; 
gives,  in  sliui t,  the  "  chemical  climate"  of  the  place. 

The  measurement  of  the  quantity  of  this  solar  energy,  falling  at 
any  time  on  a  giyen  spot  upon  the  enrth*8  sur&ce,  most  be  a  subject  of 
primary  importance  in  the  determination  of  the  physical  histoid  of  our 
globOi  We  fortunately  possess  a  method,  although  it  is  only  a  com- 
parative one,  for  measuring  the  amount  of  effect  which  the  heating  rays 
produce,  that  is  for  measuring  tempernture.  No  such  mode  of  mpa55nre- 
ment  for  those  of  the  solnr  rays  which  especially  effect  chemical  action 
has,  up  to  the  jiresout  time,  been  adopted  ;  not  that  meteorologists 
have  igTi(»red  tiie  importance  of  the  subject,  but  because  the  diiiiculties 
whicii  bt  >et  the  establishment  of  a  measuring  instrument  for  chemical 
action  were  considered  to  be  insurmountable. 
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The  sj)eaker  remarked,  that  liis  object  was  to  bring  before  his 
audieuce  the  principles  and  mode  ofactiou  of  a  method  employed  for 
the  measurement  of  tlie  chemical  action  of  light.* 

As  an  iUuiitratloii  of  tiie  chemical  actiou  of  light,  atteutioii  wa^i 
directed  to  the  fact,  that  when  a  perfectly  pure  mixture  of  exactly  equal 
yolumea  of  chlorine  and  hydrogen  gases  Is  exposed  to  lights  the  gises 
combine,  producing  an  equal  volume  of  hydrochloric  acid  gas,  whilst 
no  such  combination  occurs  in  the  dark.  This  combination  may  occur 
gradually y  or  with  great  rapidity«  If  the  chemical  activity  of  the  light 
be  great,  tlie  union  takes  place  quickly,  great  heat  is  evolved,  a  sudden 
expansion  takes  place,  fnid  the  vessel  containing  the  mixture  of  chlorine 
and  hydrogen  is  siiattered  by  the  explosion.  The  gradual  or  slow 
comb ioiit ion  may  be  rendered  evident  by  allowing  the  hydroclilorie  acid 
thus  formed  to  be  absorbed  by  water  ;  the  consequent  diminution  of 
bulk  of  the  gas  accurately  representing  the  chemical  action  effected. 

This  mixture  of  equal  volumes  of  chlorine  and  hydrogen  is  used  as 
the  sensitive  substance  for  measuring  the  chemical  action  of  light  It 
Is  evolved  In  the  perfectly  pure  state  by  the  electrolytic  decomposition 
of  strong  aqueous  hydrochloric  acid ;  and  it  is  by  this  method  only, 
that  it  can  be  prepared.  The  gases  thus  evolved  are  in  the  exact  pro- 
portion  in  which  they  exist  in  hydrochloric  acid  ;  so  tliat,  if  by  any 
means,  we  re-combine  these  gasetj,  no  trace  of  either  substance  will 
remain  behind,  the  wiiole  ur?iting  to  form  hydrochloric  acid. 

For  the  purpose  of  measuring  this  ehemicid  action,  effected,  not 
only  by  solar  light,  but  also  by  light  from  many  artificial  sources^ 
we  require  some  instrument,  which  is  to  the  chemical  actlcm  of 
Ught  wliat  the  thennometer  is  to  the  heat  actions ;  an  instrument 
which  will  show  objectively  the  amount  of  chemically  active  light. 
We  must  be  sure,  in  the  first  place,  that  our  mode  of  measurement  is  a 
reliable  one.  That,  as  in  the  case  of  the  thermometer,  equal  incre- 
ments of  vohiine,  correspond  to  equal  increments  of  he;it,  wo,  in  the 
new  instrument,  the  indications,  Imwever  obtained,  shall  be  ])ropor- 
tional  to,  and  represent  the  amouut  of  chemical  rays  emanating  from, 
any  source. 

This  has  been  accomplished  in  the  chemical  photometer  ;  by  the 
help  of  which  an  accurate  measurement  of  the  chemical  action  of  light 


Iseflbcted* 

The  fiiets  upon  which  this  mode  of  measurement  Is  based,  may  be 


1.  Exactly  equal  volumes  of  chlorine  and  hydrogen  g  ises,  when 

mixed,  combine  together  on  exposure  to  light,  formbg 
hydrochloric  acid  gas.  , 

2.  This  combination  does  not  occur  in  the  dark. 


*  For  a  detiuled  desoription  of  appnmttis.  Sec.  see  "  Photochemical  Hes^arches," 
Part  1.  **  Measarement  ot  the  Chemical  Actiou  of  Light,"  by  B.  Bux»cu  oud  U.  £• 
B«iMoe.-wPAil.  Ttasf.  1857,  p.3SS. 
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3.  The  quantity  of  hydrorhluric  acid  thusfoniied  is  directly  pro- 

portioiuil  to  the  intensity  of  the  incident  liglit,  and  serves, 
tberefore^  as  a  measnre  of  the  chemical  action  produced. 

4.  The  ehemical  photometer  is  an  instnuDeDt,  bv  help  of  which 

the  quantity  of  hydrodiloric  add  thus  ranned^  can  be 
aoeurately  meaaored. 

The  chemical  photometer  conaiata  easeetially  of  three  porta;  nameij, 
first,  the  apparatus  in  which  the  sensitive  gas  is  generated ;  seoondly^ 
the  apparatus  in  which  the  gas  is  exposed  to  the  light ;  and  thirdly^ 
the  apparatus  in  which  the  volume  of  hydrochloric  acid  produced  in  a 

given  time  is  road  off. 

AVIien  very  numerous  precautions  in  tlie  management  of  the  photo- 
meter are  take?},  it  proves  a  most  sensitive  and  reliable  instrument. 
Having  thus  nhtained  an  instnniicut  by  which  tlie  chemical  ac  ticui  of 
light  can  be  uccuialely  measured,  it  only  remains  to  graduate  it.  1  or 
this  purpose  we  require  a  standard  of  light,  from  which  tlie  deteimuia- 
tion  is  to  proceed.  For  this  comparative  measurement,  the  possession 
of  a  constant  source  of  light  is  the  first  essential.  Thhi  is  obtained  as 
followB :~ 

1.  A  flame  of  pure  carbonic  oxide  gas,  burning  in  the  air  and 

issuinff  from  an  opening  of  given  size  at  a  given  ratCi  is  em- 
ployed as  the  siatuiard  flame. 

2.  77ie  unU  amount  of  chemical  action,  is  that  effected  by  sudia 

Hame  upon  the  sensitive  mixture  of  clilnrine  and  hydrogen 

during  one  miniitf,  ;it  tlie  distance  of  one  metre, 
ii,  I  he  quantity  oi'  c  !m mit  ally  ;u  [ive  light  producing  this  action 

is  called  o^it  chcmicni  unit  uj  iitjiif;  and  ten  thousand  of 

such  unitii  one  chemical  degree  of  Uyht. 
4.  The  chemical  photometer  is  graduated  by  observing  how 

many  of  these  chemical  units  of  light  correspond  to  one 

division  on  the  scale  of  the  instrument. 

As  an  illustration  of  the  mode  in  which  this  measurement  of  the 
chemical  action  of  light  is  employed,  the  speaker  described  the  method 
by  which  the  chemical  action  produced  by  the  direct  solar  rays  has 

been  determined.*  For  tliis  purpose,  it  was  necessary  to  admit  a  very 
small,  but  a  known,  portion  of  direct  sun-light  into  the  dark  room 

in  which  the  instrument  was  placed,  and  to  allow  the  insolation  vessel 
to  be  bathed  in  the  pencil  of  nn  s  thus  admitted.  By  help  of  Sil- 
bermann's  heliostate.  tlie  sun's  im  iiic  was  rcfl<  cted  during  the  whole 
day  upon  one  spot,  a  small  opening  ut  knuun  siy.e,  in  the  viiuluw 
shutter  of  a  dark  room.  The  fraction  of  the  total  sun  s  mvs  liius 
admitted  and  allowed  to  fall  upon  the  chemical  photometer  can  be 
calculated,  and  the  action  thus  efiected,  observed ;  hence  the  amount 


•  The  full  memoir  on  tliis  sul»ject  is  to  be  found  in  Poggcudurff's  Anoai.  Bd. 
ovui  p.  19a.  lu  AUtracu  Pri>oeediDg8  Royal  Society,  Vol.  x.  p.  39,  1859. 
Fholoehsniloal  Bsiearehe^  Part  4, R.  uuaea  aad  U-  B.  Basooe« 
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of  action  can  be  found  which  the  sun  would  have  produced  if  directlv 
phining  upon  the  instrument ;  a  condition,  impossible  of  course  to  fulfll^ 
88  the  nctidti  would  become  too  rapid  aud  the  whoJe  apparatus  would 
be  shattereil  by  exph^ion. 

The  day  chosen  for  observation  of  tiie  sun's  action  must  obviously 
be  cloudless,  if  we  wish  to  obtain  an  idea  of  the  relation  existing  between 
the  chemical  action  and  the  height  of  the  sun.  Beginning  the  observa- 
tions OS  near  stmrise  as  possible,  we  fiud,.  for  instanoe,  od  September 
I5t]i,  1868,  one  of  the  days  on  whieh  each  a  series  of  experimenls  was 
made,  that  at  1^-  9^  a.]n^  when  the  sun's  zenith  distance  was  76°  dO*, 
the  observed  action  amounted  to  1  *  52.  That  is,  in  one  minute  the 
column  of  water  moved  tlirough  1  52  division ;  or  the  quantity  of 
hydrochloric  acid  formed,  wheti  tlie  sun  stfH)d  at  the  height  mentioned^ 
was  represented  by  1*52  division  on  the  scale. 

Gradually, as  the  day  wore  on,  the  observed  action  for  each  minute 
became  larger  ;  until  at  9^-  14"-  a.ra.,  the  latest  observation  possible  on 
the  day  in  question,  owing  to  the  formation  of  clouds,  the  action 
reached  16 '5  divisions,  or  was  thirteen  times  as  large  as  at  7^  9^.  In 
the  last  column  of  the  aeoompanying  table  is  found  the  action,  expreosed 
in  degrees  of  light,  which  would  have  been  observed  at  the  foregoing 
times^  if  the  whole  sunlight  had  been  allowed  to  fiill  on  the  instrument. 


Tablb  L 


Hour. 

Observed  AcUon. 

ToUl  Son's 
AcUoD  in  Degrees 
«f  Uslit. 

9"" 

76* 

30' 

1-52 

5-54 

7 

26 

73° 

49' 

4  22 

15-50 

7 

40 

71" 

37' 

6  09 

22-43 

8 

0 

68" 

34' 

7  56 

27  85 

8 

7 

67° 

30' 

8-38 

38  87 

8 

26 

64° 

42' 

12-48 

45-85  j 

8 

54 

60° 

48' 

17  09 

62*59 

9 

14 

58* 

11' 

18*M 

67'61 

This  jn^ri'Ht  increase  in  the  chemical  action  with  the  rise  of  the  sun 
in  tlio  lieavens  simply  results  from  the  fact  that  the  solar  rays,  in  pass- 
ing througli  tlie  air,  are  extinguished  or  absorbed,  lost  in  fact  as  light  ; 
and  that  the  suu  rises  higher  above  the  horizon,  the  colunm  of  air 
through  wliicii  the  rays  pass  is  constantly  bdng  lessraed  j  oonsequently 
more  of  the  direct  rays  reaeh  tiie  earth. 

Now,  the  law  aooordiuff  to  widch  the  direct  rays  of  the  sun  are 
thus  absorbed  in  the  ahr  can  be  obtdned  from  the  experiments,  of  which 
the  foregmng  is  only  an  example  ;  heuce»  if  the  action  which  the  sun 
produces,  when  at  a  given  heiglit,  is  known,  it  is  possible  to  calculate' 
the  action  which  it  would  produce  at  any  other  height.  ' 

Vol.  IIL   (No.  81.)  « 
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That  thew  cdeolated  molte  agree  wy  dosely  with  (he  expeii* 
mental  datay-^ith  the  obMved  actioii»-^i8  seen  by  comparing  the 
numbers  in  Table^  No.  II.,  exprasnng  the  obterred  and  ealovdated 
action* 

Table  II. 

The  amount  of  Chemical  Action  effected  at  a  point  upon  the  Earth's 

Surface  on  any  cloudless  day,  by  the  direct  Solar  l^ys,  depends 
alone  ii])on  the  Sun's  zenith  distance  ;  or  upon  the  hei^t  of  the 
column  of  air  through  which  the  Hays  have  to  pass. 


Son's  Zenith  DUUoce 


Cbrniical  Illammatlon  of  Son's  IHroct 
Rays  at  ibe  Earth's  Saritet 
to  dsggsM  of  Lt^k  


46"  8' 

50-  6L 

eo*  48^ 

W  ASS 

er  w 

68*  84/ 

71"  87' 

73*  49' 

76"  80' 


Observed. 

930 
89-2- 
G3-1 
67-6 
62*6 
45*9 
88*9 
27-9 
22-4 
15.5 
6-5 


Oilcalated. 

96-4 
85-8 
67-9 
66-2 
68  8 
47-9 
86*6 
331 
24-5 
16-3 
9*2 


Probable  error  ss  jf  2*7  degrees  of  Light 


Knowing  tiie  law  which  reguhites  the  absorption  of  tho  chemical 
rays,  we  can  calculate  what  the  action  would  be  if  there  were  no  atmo- 
sphere to  diminish  the  power  of  the  rays.  It  is  thus  loLiiid  that  if  the 
8uu'8  rays  were  uot  thus  wei^ened,  by  passage  through  the  atmosphere, 
they  would  prodnoe  an  illumination  represented  by  818  degrees  of 
Kghi :  or  they  would  eflbct  a  combination  in  one  minute,  upon  an  un- 
limited atmosphere  of  chlorine  and  hydrogen  on  which  they  fdl  per- 
pendicularly, of  a  column  of  hydrochloric  acid,  35*8  mslrsf  m  hdght. 
Tlio  sun's  rays  having  passed  perpendicularly  through  our  atmosphere 
to  the  sea's  level,  effect  an  action  of  only  14*4  light  mrfrrs  ;  or  nearly 
two-thirds  of  their  chem leal  activity  has  beeu  lost  by  extinction  and 
dispersion  in  the  atmosphere. 

A  large  number  of  most  interesting  conclusions  may  be  drawn  from 
the  facts  already  noticed.  Thus,  for  instance,  we  may  determine  tlie 
chemical  action  which  the  solar  rays  will  produce  on  the  various 
planets ;  fi>r  we  Icnow  that  the  intensity  of  the  chemioil  iUnmination 
Taries  invmely  as  the  square  of  the  mstance  of  the  planet  from  the 
son«  The  numbers  in  Table  III.,  express  this  chemical  action  in 
degneiB  of  light,  and  in  heights  of  colomns  ol  hydrochloric  add  called 
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li(/h(  tnatrrs.  Hence,  we  see  how  much  the  sun's  chemical  action  varies 
on  the  different  planets  ;  the  superior  planet8  receiving  so  small  a 
portion  to  render  it  iitipossible  that  the  kind  oi  animal  and  vegetable 
life  wiiicii  we  here  enjoy  can  there  exitit. 

Table  III. — Chemical  Action  produced  by  Direct  Sunlight  on 

eocA  Pkmet* 


Mercur}' 
Venua  . 
'Eutih  . 
Han  • 
Jupiter. 
8atam  • 
Uranus 
Neplune 


Mean  Distance*. 

0-387 


723 

524 

203 

539 
183 


0 
i 
1 

5 

9 
19 
aO*040 


CbcmioU 
Light  rVgiw*. 

212o-0 
608-9 
318-3 
137-1 
11-8 
3.5 
1-0 
^0-4 


Action  In 

Lid  it  Metres, 

67-5 
35-8 
15*2 
1-2 
0-4 
0*1 
0-04 


Interadng  oolielitaioiis  can  be  drawn  fiom  these  fiiets,  eonoeming 
the  distribution  of  the  chemical  rays  on  the  torfiioe  of  our  earth  in 
different  latilndes,  and  at  different  elevations  above  the  sea's  level.  The 
farther  lemoved  a  situation  is  from  the  level  of  the  sea,  the  higher  up 

in  the  atmosphere  it  isphieed,  the  greater  amount  of  chemical  action 
it  will  receive.  Thu<5,  in  the  highlatids  of*  Thibet,  where  corn  and 
grain  tiourish  at  a  hei^^ht  of  from  12,000  to  14,000  feet,  the  ciiemical 
action  of  the  direct  surjli«:ht  is  \^  times  as  great  as  in  the  neighbouring 
lowland  plains  of  Ilindosian.  In  tiie  same  way  we  can  calculate  for 
any  point  of  the  earth's  surface  whose  latitude  is  known,  the  amount 
of  chemical  action  which  the  direct  sunlight  efiects  at  any  given  time 
of  day  or  year.  In  Table  IV.  the  numbers  represent  the  chemical 

Tablb  IY^  Chemical  Action  effected  by  Direct  Smnlight  m 
One  Mimtte  on  the  Vemal  Eauinox  ai 


A.  Melville  Island.  E.  Heidelberg, 

B.  Rejkiavik,  leehuod.  F.  Naples. 
€.  St.  Petenbarg.  6.  Gtuo. 

D.  Manchester. 


Homu 

A. 

B. 

C. 

D. 

a 

P, 

Q. 

eajB. 

orSpja. 

0*0 

O'O 

0*0 

0-0 

0*0 

0-0 

0*0 

y 

ft 

0-0 

0-02 

0-07 

0-22 

0-38 

0-89 

1*74 

4 

0-07 

1-53 

2-88 

5  85 

8-02 

13-31 

20-12 

3 

0-67 

6*62 

10'74 

18*71 

23-99 

35-68 

50-01 

10  ^ 

S 

1*86 

IS*97 

S0*S6 

32*91 

40*94 

58*46 

78*61 

1 

3-02 

18«60 

27«65 

43-34 

53*19 

74-37 

98*33 

12  at  noon 

3*51 

20*60 

30*36 

47*13 

57-62 

90  07 

105*3 

ii2 
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action  effected  by  direct  sanlight  in  one  Tninnte  at  the  places  and  hours 
named  on  the  *2!st  of  Mnrcli.  Curv^  were  exhibited,  showing  the 
rise  of  the  action,  with  tiie  progre^  of  the  sun  through  the  heavens. 
By  comparing  the  numbers  in  the  table,  it  is  seen  how  greatly  this 
chemical  action  differs  at  various  poiuts  on  the  earth's  surface;  and  we 
can  understand  iiow  it  is,  that  at  the  latitude  oi  Cairo,  where  the 
cheniical  action  of  the  direct  sunlight  is  twice  as  great  as  it  is  in  that 
of  Manchester,  the  whole  floim  and  fiuuia  aMune  a  more  tropical  and 
luxuriant  character. 

The  apealieiF  stated^  that  he  was  only  able  briefly  to  notice  the 
principles  upon  which  the  neir  mode  of  measuring  the  chemical  actkm 
of  liglit  depends ;  adding  one  or  two  illustrations  of  the  measurements 
actually  made.  He  was  unable  even  to  refer  to  one  of  tlie  most  inter- 
esting and  important  applications,  viz.,  the  measurement  of  the  chemical 
action  eifected  by  the  diffuse  dfiylight.  Tliis  1ms,  however,  been 
accomplisliod,  and  we  are  now  able  to  calculate  the  amount  of  chemi- 
Ci\\  action  produced  by  both  diflused  and  direct  solar  light*,  on  a  cloud- 
less day.  at  any  place  situated  above  the  latitude  of  Cairo.  The 
fuliuwiii^  table  shows  the  results  of  such  a  calculatiuu. 


Table  V. —  Total  Ckeiyiicdl  Action  effected  by  thr  Solar  Hays  from 
Sunrise  to  Sffnsrt  on  the  V^crnal  l^yutnojCy  at 


Melville  Inland 
Uejkiavik 
St.  Petersburg 
Manchester  . 
Heidelberg  • 
Naples    «  • 
Gairo     •  • 


I. 

II. 

in. 

IV. 

•  • 

1196 

10590 

1I7^K) 

1306 

•  • 

5964 

15020 

209H0 

2324 

•  • 

8927 

16410 

25340 

2806 

•  • 

14520 

18220 

32740 

3G2o 

•  • 

18240 

19100 

37340 

4136 

•  • 

26640 

20550 

47190 

5226 

•  •> 

86440 

21670 

58110 

6437 

I,  Oiv€itbe 

II. 
III. 
IV. 


9» 


ot  direet  sunlight  m  degrees  of  ligbti 
diffhse  daylight  „ 
total  light  « 
M  in  tight 


Knowing  the  intiiiiate  connection  of  the  ohonically  active  solar 
caya  with  the  plant  and  aniinal-producbg  power  of  a  oountiy,  no  one 
ean  doubt  the  immense  importance  of  tlw  establUbment  of  a  regular 
aeries  of  measurements  of  the  variations  ^f  the  amount  of  these  chemi- 
cal rays  at  diffiarent  situations  on  the  earth's  surface.  Such  a  series 
would  open  an  entirely  new  field  to  the  science  of  meteorology,  and 
would  reveal  to  us  relations  and  points  of  difierenoe  as  legnds  the 
chemical  climate,  at  present  wholly  unknown. 

The  chemical  photometer,  iu  the  hands  of  au  exp»  rinu  ed  experi- 
mt>nter,  is  a  perfectly  accurate  and  extremely  sensitive  instrument  ;  and 
the  method  described  is  a  most  valuable  one  for  scieatifically  iuvesti- 
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guting  the  piiiiniy  laws  regulating  the  chemical  action  of  Ught,  and 
dm  diatribation  of  the  chemical  rays.  It  is,  however,  not  capable  of 
universal  application  as  a  meteorological  instrument,  owing  to  its  com- 
plicated nature,  and  the  "reat  care  rerjuisite  in  its  managemeut.  At  - 
jiresent  we  know  of  no  easy,  and  at  the  same  time  correct,  method  of 
estimating  the  chemical  action  of  light.  Much  time  and  labour  has 
already  been  spent  by  the  authors  of  the  method  described  in  endea- 
vouriug  to  prepare  an  instrument,  which  can  be  practically  used  for  this 
purpose  in  meteorological  obser\'ations.  Persevering  in  their  efforts, 
they  hope  ere  long  to  overcome  the  Dumerous  difllciutiee  which  betel 
the  subject,  9xA  to  deicrifae  a  method  which  diall  anfwer  the  proposed 
fnd, 

[H.  B.  B.] 


GENERAL  MONTHLY  MEETINa, 
Monday,  Maich  5,  I860* 

WiLi^iAM  Polk,  EbQ.  M.A.  F.R.S.  TREASORiiB  and  ViCE-PiiESiDENT, 

in  the  Chair. 


Tliorna'^  T'^'nrmer  Baily,  Esq. 
George  Francis  Brown,  £sq. 
Joseph  Browu,  Esq. 
Stephen  Busk,  Esq. 
Charles  William  i  ranks,  Esq. 
John  l*eter  Gassiot,  juii.  Esq. 
Thomas  Greg,  £Isq. 

were  duly  eUcied  Memben  of  the  Boyal  Institutioo. 


Bev.  George  Godwin  Pow- 

nall  Glossop,  A.M. 
Thomas  John  Kent,  Esq. 
Robert  Morant,  Esq. 
John  Charles  Salt,  Esq.  and 
Edward  Woods,  Esq. 


John  Morgan,  Esq* 

Arthur  Gile*  Puller,  Esq.  and 

WilUam  Salmon,  Esq. 

were  admiUed  Member*  of  the  Boyal  Lutitation. 

The  Secretary  announced.  That  the  following  Arrangements  had 
been  iuade  for  the  Lectures  after  Easter:— 

Seven  Lectures  on  the  STRroruRE,  Habit*?,  and  Affinitiks  op 

IljiEBIV<H{OLS   ^IaMMAHA,  WITH    ESrECI  VL  REFEUEACK  TO  CFHTAIN 

Species  now  living  in  the  Zuologk-al  vSociety's  GAHi>£NSy 
Bbqxht's  Pajul,  by  T.  Sr£NC£E  CoBiM>LD,  M.D.  F.L.S. 
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Eight  Lectures  on  some  Recent  EESEARcnEs  in  Phtsicai. 
GEOGRAifHT  AND  Geoloot,  by  David  T.  AnNJtD,  fisq.  MJL 
F.K.S. 

Eight  Lectures  on  some  Rnuun  of  ths  ABsoaATioir  of  Heat 
WITH  Chsmigai.  Force,  Pbactigallt  Applied^  by  F.  A.  Abel, 
Esq.  Director  of  the  Chemical  D^Nurtment,  Royal  Arsenaly  Wool- 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table^  and  the  thanks  of  the  Memben  returned  for  the  same. 

'The  Special  Thanks  of  the  Members  were  retomed  to  the  Lord 
OvERSTONE,  M.R.I .  and  to  Aetbur  De  Noe  Walkeb,  £iq.  M.ILL 
for  their  valuable  DonatioDS,  mentioned  below : — 

LoED  OvKwrwn*— A  Seleet  GotleetfoD  of  Searos  sad  Valuable  Th«ls  so  Political 
Economy.  (Privately  printed  at  hit  Lordship's  ezpsDse.)  Edited  bj  J.  IL 
M<CiiUoGh.  4  vols.  6Ta  18A7>9. 

Vol.  L   On  r^ftr  Cmrmqi  amd  BmMmg :  18ST. 

1.  OnOBTendMof  tteBMIUhnintalioiMtBAaMrio^  U4tt. 

2.  D.  Home,  on  Banks  and  raper  Money.  1181. 
3^4.  EsflAyi  on  Biuikini;,  kc  I7&ft-6ti. 

6.  On  Su8p<-niiiun  of  Cash  PajUMDlStnlff}. 

6.  On  Country  Banks.  l»02. 

1.  H.Thornton  on  Paper  Credit.  IBOT, 

S.  Oo  Kichangw  Iwtween  London  and  DabUn  ftom  IW  to  IdOi. 

9.  Eail  of  Ltneipool  on  Paper  Carrency.  18W. 

10.  D.  Ricnrd(i  on  Bullion.  1811. 

11.  Kep^^rt  of  Ilotuo  of  Ct>tnnion8  Committee  on  nullion.  in  1810. 
la.  W.  BlAke  on  th<>  Course  of  fclxtimiisf  ami  th«  Currency.  X919» 
13.  W.HuaUaaooooDci^racUttonof  tiMCunencar.  mo. 

SodasB. 


Vol.  II.   On  Ou  Xational  MU  mA  tkn  MfcM^  Vmd:  1847. 

1.  £iM7  on  Pablkk  Credit  1710. 
1.  LBttaronPaUkkSeemltlfli.  1717. 

3,  Essay  on  the  l*ubllck  Debts.  1726. 

4.  SUitti  of  the  National  Debt.  1727. 

6,  Defence  of  Tract  No.  3  against  No.  4.  1727. 

e.  BepreaeotAtion  of  the  Huuae  of  Common*  on  UiO  SUte  of  Um  National  I>cbt  in  111* 
and  1720.  1728. 

7.  D.  Hume  on  l^ubllc  Credit.  1752. 

P.  W.  Bladutone— Account  of  the  National  DaU.  (ftom  hia  Comnicntarira,  pobliilifd 

1765- 

9.   R.  Price,  on  the  National  Debt.  1774. 

10.  J.  Wimpcy,  ExtracU  from  "  The  Challenge,"  a  li>tter  to  Prioa,  1771. 
lU  Woto  oo  tha  Sinking  Fond.  ortaMlihod  by  Mr.  ViVL  in  178«. 
IS.  On  the  Anmul  MIlfiooBm  and  the  Sinking  Fond.  17S7. 
IS,       namlUoD.eAllM»MlooilIMi«.  ISIS. 

Index. 

Vol.  ni.   On  Comment :  1869. 

1.  8trWalt«rBalei8iionTnMl«MidCoinDM«ft, 

a.  J.  B^dra— NaidgatioB  and  Oommem.  1S74. 

3.  Plan  of  EngllBh  Commerce.  1730. 

4.  On  IKm  line  of  Foreign  Trade,  kc.  1750. 

6.  .lofl.  Tiu  kfr,  on  Trade.  1753. 

i.  rropoMUof  the  Prince  of  Orange  to  the  SUtea  on  the  TnMle  of  tbeBq^abUck.  llil. 

7.  I.  B»  (Wm.  Temple)  VindicaUon  of  Commerce  and  the  Arte.  IISS. 
a.  NewondOUFXtaKipktofTkMieCoaipand.  1788. 

Indexi 
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Vol..  IV.  AmwmIobI  Tmeti :  18M. 

I.  Apology  for  the  Btdlder.  IMS. 

a.  QlviwAlasMGhtfltj.«iidBmploy{iigtheI\>or«<M0VWO0to  ITM. 

5.  YteirorOTMBlaiidTnMle'aad  Piahery.  1723. 

4.  Ai>"l<.>rv-  for  Pawnbroklng.  1744. 

6.  ExiriKU  frum  th«  Worka  of  I>r.  Franklin  on  Populntion,  Commcrco,  Itc, 

6.  A.  l  orgut,  on  the  Forumtion  »nd  I)i»lributii>n  of  Wealth.  1793. 

7.  Extract  firom  aa  Inquirr  into  tbe  Natort  of  tte  Cum  Lawt.  1777* 

8.  A.  Scbombenb  oo  the  Maritlma  Lawi.   Bbote  ntfl. 
».  DiaMrtatlooonthePoorLawa.  1776. 

10.  E.  Bute,  IlioiigbU  oo  Scarcity.  18<M. 

U.  iLBtlUontlM^MhiUtknortfaiUitofChilalBDii^^  1806. 

ChiwB  litenrtoiet 

1.  Santsz  King ;  or  Trimetrical  Clanic.   I  toI.  8vo. 

2.  Tzecn  Tsz  Wan ;  or  One  Thousand  Character  Clanio.    1  vol,  8T0. 
d.   Woo  King ;  or  Text  of  the  Ciafisica.   15  Tola.  8vo. 

4.  Shing  Ta  ;  or  Sacred  Edict.   1  toI.  8to. 

5.  Hiaa  King  Siau  Hio;  or  Filial  Duty.    With  ConuiMnli^  byTvartm^t 

Illustrious  Emperor  of  Taug.    4  vols.  8vo. 

6.  Hong  Low  Muugi  or  Dreams  of  the  Red  Chamber.   20  vols.  12mo. 

7.  Chiin  Tsew;  cir  Spnag  and  Aatomii.  Anoali  oompiled  bj  OonflMdniy 

with  Commentary.   6  vols.  8vo. 
a.  8am  Kwo  Chi;  or  Hiitory  of  the  Three  Kiqgdoim.  By  Chin  Shau,  of  Tain. 
SO  volt.  lamo. 

UH  Li  C I  or  Book  of  Ceremonies.  With  Miscellaneous  Remsrka  on  the 
Ceremonial  Records.   By  Wei  Tei,  of  Sung.    10  vols.  8vo. 

IS.  Wan  Pau  Tsuen  Shu ;  or  Ten  Thousand  Precious  Thinn.  [An  Encyclo- 
pedia, or  TVeanrj  tat  Children ;  conlaimug  Fidiy  TOes,  OntliMS  of 
Astronomy,  Gardening,  &c.1 

IS.  Sx'  Shu ;  or  the  Four  Books  of  Confucius.  With  Inquiries,  Researches,  and 
Expositiou  by  the  Philosopher  Cha  of  Sung  Sie  Ynki  and  Chau,  Sz'  Yao. 
5  irols.  Sto. 

1 4.  She-King  ;  or  Book  of  Odes.    4  vols.  8vo. 

15.  Shu  King  ;  or  Antieut  History  of  China.    4  vols.  8vo. 

16.  Chau  Yik;  or  Book  of  Changes.    2  vols.   8vo.    (The  oldest  and  most 

admired  liteniy  work  in  the  Chiwe  language,  the  number  of  treatim 
amounts  to  1450.) 

Portfolio  Chinensis;  a  Collection  of  Chinese  State  Papers,  illustrative  of  the 
History  of  the  Present  Position  of  AfGun  in  China.  With  a  Translation, 
Ifoteib  and  Introduction  by  J.  S.  Shuck.  Sfik  MacnOb  1840. 

Bugr  LemonainGhineee.  By  S.  W.  Wiliianu.  Svo.  MaoM^  IMS. 

Agriculimfd  Sfcutif  ^Enaland,  i?oyaZ— Joomal,  No.  44.  Svow  18SS. 

Arts,  Societtfnf— J onxv&l  for  Feb.  1860.  8vo. 

Asiatic  Hoculu  of  Benual—Jowmal,  No.  274.   8vo.  1859. 

JUtromemkai&kttg,Mogal^Ti9aetidh^  Svo, 

Baoarian  Academy,  Jflyaf"»Meieoroiog&ehea  Beobaeiilangcn :  MtoolwD,  18S5-66. 

8vo.  1859. 

Bposiry,  Metsrs.  {the  Publisheny-The  Musical  World  for  Feb.  1860.  4lo. 
Editon  — Artizan  for  Feb.  I860.  41UK 

Athemrum  for  Feb.  1860.  4tlK 

Engineer  for  Feb.  1860.  Ibl. 

Journal  of  Gas-Lighting  fbr  Feb.  I860.  4to. 

Mechanics'  Magazine  for  Feb.  1860.  8vo. 

Medical  Circular  for  Feb.  1860.  8vo. 

Practical  Mechanics'  Journal  for  Feb.  1866.  4to. 

Bevne  Photographique,  Feb.  I860.  8m 
Ftaradai/,  Profa$or,  JJ.C.L.  F.HS.^It£pukin  de  Ghimie,  par  CBMiCfwilet 
A.  Wurta.   Jan.  i860.  8va 

Kdnigliche  Frecusischen  Akademie,  Behchte,  Dec.  1859.  8to. 
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Genhf,  SocuftiT  H^Phytiqm,  ^-c— M^moires.   TtmiR  XV.  Partie  I,  410.  IM». 

Gro!"'}irn[  SxiVfy— Quflrtrrly  Joarnal,  Nos.  60*,  61.    8vo.  1860. 
LtHuean  Society — ^Proc««diug8,  Vol.  IH.    No.  16.   8to.  1860. 
Mackie,  S.  J.  Esq.  F.G.S.  {the  EiHor)-Tbi6  Gcolofiist,  Feb.  18«0. 
Newton^  JI/e«»r».— London  Jounial  (New  Series),  for  Feb.  1860.  8to. 
NovAlo,  Mr.  {the  rubUHher)-The  Musical  Times  for  Feb.  I860,  4t0b 
Photographic  Societv— Journal,  No.  94.    8vo.  I860. 

TUt,  W.  Em.  M,P.  (the  ilvfJkir)— Addres  to  the  Memlieri  of  the  Boyal  Imtitnte 

€f  British  Architects,  Nov.  7,  1859.    ^vo.  1859. 
yincenty  B.  (Keeper  of  library,  /^/.)— Haydn's  Dictionary  of  Dates.  Ninth 
Edition,  revised  ami  greatly  eularged.   8vo.    I860.   (Two  copies.) 
T,  ^meer,  Etq.  Jtf.i7./<--<>Mieer^0fttS  and  Guoer-Caran.  16aio.  1860. 


WEEKLY  EVENING  MEETING, 


^Friday,  March  9,  1860. 


TiUfi  LoiiD  W£MajJ&¥j>AL.%  ViC£-F&iiaLU£.\T9  io  the  Cliiiir. 


Pbofmos  Fasahat,  D.C.L.  F.R.S. 

On  LiyhlUouse  lUuminatioti — the  Electric  LiglU, 

The  use  of  light  to  guide  the  mariiuT  as  he  approaches  land,  or  pa-sses 
through  intricate  channels,  has,  with  tiie  advance  of  society  and  its 
ever  increasing  interests,  caused  such  a  necessity  for  means  more  and 
more  perfect,  as  to  tax  to  the  utmost  the  powers  both  of  the  philosopher 
and  the  practical  roan,  Id  the  development  of  the  principles  concerned, 
and  their  efficient  application.  Formerly  the  means  were  simple 
enough;  and  if  the  light  of  a  lanthorn  or  torch  was  not  sufficient  to 
point  out  a  position,  a  fire  had  to  be  made  in  their  place.  As  the 
system  became  developed,  it  soon  appeared  that  power  could  be 
obtained,  not  merely  by  iTicmisinp^  tlte  light  but  by  directing  the 
issuing  rays  :  and  this  was  in  many  cases  a  more  powerful  atid  tiscfnl 
means  than  enlarging  tlie  conibusiiun  ;  leading  to  (he  diminution  ot  tlie 
volume  of  the  former  with,  at  the  same  time,  an  increase  in  its  in- 
tensity. Direction  wuis  obtained,  either  by  the  use  of  lenses  dependent 
altogether  upon  refraction,  or  of  reflectors  dependent  upon  metallic 
reflexion ;  and  some  ancient  specimens  of  both  were  shown.  In  modem 
times  the  principle  of  total  reflexion  has  also  been  employed,  which 
involves  the  use  of  glass,  and  depends  both  upon  refraction  and 
reflexion.  In  all  these  appliances  much  light  is  lost :  if  metal  be  used 
for  reflexion,  a  certain  proportion  is  absorbed  by  the  face  of  the  metal ; 
if  glass  be  used  for  refiraction,  light  is  lost  at  all  the  soxfiuies  wiiere 
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the  mv  pa^es  between  the  air  and  the  glass ;  and  also  in  some  decrree 
by  absorjition  in  tiie  body  of  the  glass  itself-  There  is,  of  courjse,  no 
power  (if  actually  increasing  the  whole  amount  of  light,  by  au^-  optical 
arrangetneut  associated  with  it. 

The  light  which  issues  forth  into  space  must  have  a  certain  amoimt 
of  divergoDoe.  The  diveigeiioe  in  the  Tortiosl  dircctioii  mutl  be 
enoogii  to  ebver  tiie  sea  fironi  tbe  horizoD,  to  within  a  eertain  uodeimte 
dislaaoe  firom  the  shore,  ao  that  all  ships  within  that  distaaoe  may  have 
a  Tiew  of  their  luminous  guide.  If  it  have  less,  it  may  escape  obseff>- 
▼ation  where  it  ought  to  be  seen ;  if  it  have  more,  light  is  thrown 
away  which  ought  to  be  directed  within  the  useful  degree  of  divergence : 
or  if  the  horizontal  divergence  be  consulered,  it  may  be  necessary  so  to 
construct  the  optical  apparatus,  that  tlie  light  within  an  angle  of  60° 
or  45°  shall  be  compressed  into  a  beam  diverging  only  16^,  that  it  may 
give  ill  the  distance  a  bright  flash  having  a  certain  duration  instead  of 
a  conUnuous  light,^or  hito  one  dirergiog  only  5*  or  6*,  which,  though 
of  hr  abmiet  duration,  haa  greatly  increased  intensity  and  penetrating 
power  in  hasy  weatiMor.  The  amount  of  divergence  depends  in  a 
huge  d^ree  upon  the  bulk  of  the  source  of  light,  and  cannot  be  made 
less  than  a  certain  amount,  with  a  flame  of  a  given  size.  If  the  fianie 
of  an  ar^nd  lamp  Jth  of  nn  inch  wide,  and  1;^  inches  high,  bo  placrd 
hi  the  focus  of  an  ordinary  1  rinity-house  parabolic  reflector,  it  will 
supply  abeam  having  about  15°  divergence :  if  we  wish  to  increase 
the  effect  of  brightness,  we  cannot  properly  do  it  by  enlarging  the  lamp 
flame  ;  for  thougli  lamps  are  made  for  the  dioptric  arrangen^eut  of 
Fresnel,  which  have  as  many  as  four  wicks,  flames  Si  inches  wide,  and 
ham  like  Intense  liimaces,  yet  If  one  he  put  into  the  lamp-place  of 
the  reflector  referred  to,  its  efleet  would  chiefly  be  to  give  a  beam 
of  wider  diveigence  :  an<d  if  to  cdrrect  this,  the  reflector  were  made 
iHth  a  greater  focal  distance,  then  it  must  be  altogether  of  a  much 
larger  size.  The  same  general  result  occurs  with  the  dioptric 
appjimtiis  :  and  here,  where  the  four-wicked  lamps  are  uspd,  they  nre 
placed  at  times  nearly  40  inches  distant  from  the  lens,  occasioning  the 
necessity  of  a  very  large,  though  very  fine,  glass  apparatus. 

On  the  other  hand,  if  the  light  could  be  compressed,  the  necei«ity 
for  sucii  large  apparatus  would  cease,  and  it  might  be  reduced  from 
the  siae  of  a  room  to  the  die  of  a  hat :  and  here  it  is  that  we  seek  in 
die  deotrie  sgeakj  and  such  like  eonoentrated  sources  of  lisht,  for  aid 
hi  Illumination,  It  la  Teiy  true,  thai  by  adding  lamp  to  lamp,  eaeh 
with  ita  reflector,  upon  one  face  or  diieetion,  power  can  be  gidned} 
and  in  aome  of  the  revolving  lights,  ten  lamps  and  reflectors  unite  to 
mve  the  required  flash.  But  then  not  more  than  three  of  these 
taces  can  be  placed  in  the  whole  circle  ;  and  if  a  fixed  light  be  required 
in  all  directions  round  the  lightlxuu^e  nothing  Ijetter  has  been  yet 
^tablished  tlian  tlie  four-wicked  Fresnel  lamp  in  the  centre  of  its 
dioptric  and  catadioptric  apparatus.  Now  the  electric  light  can  be 
raised  up  easily  to  an  equality  with  the  oil  lamp,  and  if  then  substituted 
fiv  the  latter,  will  ^TeaU  the  effiset  ai the  latters  or  by  eiqpenditiiie  of 


Digitized  by  Google 


222  Prof.  FanOay^m  the  Meetrie  UgkL  [Hiiroh9, 


money  it  can  be  raised  to  a  five  or  tenfold  power,  or  more,  and  will 
tkoi  give  five  or  taofoU  eflbet.  Tliif  can  be  done,  not  merely  witbont 
inoraae  of  the  Tolmiie  of  the  light,  but  whibt  tbe  light  efaall  heve  e 
▼olame  icaroely  the  2000th  part  of  that  of  tbe  oil  flame.  Hence,  the 
eitreoidbiary  assistance  we  may  expect  to  obtain  of  diminiifauig  the 
aiie  of  tbe  optical  apparatus  and  peifecting  that  peit  of  the  apparatus. 

Many  compressed  intense  lipi^hts  have  been  submitted  to  the 
Trinity-house  ;  and  that  corporation  has  shown  its  great  desire  to 
advance  all  such  olijccts  and  improve  the  ll«:;hthig  of  the  coast,  by 
spending,  upon  various  occasions,  much  money  ami  hiu<  h  time  for  this 
end.  it  is  manife6t  that  the  use  of  a  lighthouse  nmsL  be  never  failing, 
its  service  ever  sure ;  and  thatthft  latter  cannot  be  interfered  whb  by  tbe 
introduotion  of  any  plan,  or  propontioni  or  appantaa,  wbfaib  bas  not 
been  developed  to  the  foUest  pomible  extent,  aa  to  tbe  amoimt  of  light 
produced, — the  expense  of  sudi  Iwht, — the  wear  and  tear  of  tbe  appam* 
tus  employed, — the  ateadiness  of  tbe  light  for  16  boon,— -ita  liabilily 
to  extinction, — the  amount  of  necessary  night  care,— the  number  of 
attendants, — tlie  nature  of  probable  accidents, — its  fitness  for  secluded 
places,  and  other  coDtingent  circumstances,  which  can  as  well  be  ascer- 
tained out  of  a  lighthouse  as  in  it.  The  electric  spark  which  lias  been 
placed  in  the  South  Foreland  High  Light,  by  Professor  Holmes,  to  do 
duty  for  the  six  winter  mouths,  had  tu  go  throu|^h  all  tiiis  preparatory 
education  before  it  oould  be  aUowed  thia  praetical  trial.  It  ia  not 
obtained  from  Inetional  dedridty,  or  from  voltaic  electricity,  but  from 
magnetic  action. — ^The  first  Jipark  (and  even  magnetic  eleolTici^  as  a 
whole) was obtiined  28yeaieago.  (Faraday,  P/n7o«opAm/rranjaeeKMif, 
1832,  p.  32.)  If  an  iron  core  be  surrounded  by  wire^  and  then  moved 
in  the  right  direction  near  the  poles  of  a  magnet,  a  current  of  electri- 
city passes,  or  tends  to  pass,  through  it.  Many  powerful  magnets 
are  therefore  arranged  on  a  wheel,  that  they  may  be  nssoeiated  very 
near  to  another  whf»el,  on  which  are  fixed  many  helices  with  their 
cores,  like  that  described.  Again,  a  tiiird  wheel  consi8t^^  of  magnets 
arranged  like  the  first ;  next  to  this  is  another  wheel  of  the  helices,  and 
next  to  this  again  a  fifth  wheel,  carrying  magnets.  AH  tbe  magnet- 
wbeela  are  fixed  to  one  axle,  and  aU  tbe  b^  wbeela  are  bdd  inunoveable 
in  their  place.  Tbe  wires  of  the  helioea  are  conjoined  and  connected 
with  a  commutator,  which,  aa  the  magnet-wheels  are  moved  roond, 
gattiers  the  various  electric  currents  produced  in  tbe  beliosi^  end 
sends  them  np  through  two  insulated  wires  in  one  common  stream  of 
electricity  itit<j  the  lighthouse  lanthorn.  So  it  will  be  seen  that  nothing 
more  is  required  to  produce  the  electricity  than  to  revolve  the  magnet- 
wheels.  There  are  two  magneto-electric  machines  at  the  South  Fore- 
laiid,  each  being  put  in  mutiuu  by  a  iwo-hurse  power  steam-engine; 
and,  excepting  wear  and  tear,  the  whole  consumption  of  material  to 
produce  tbe  light  is  tbe  coke  and  water  required  to  raise  steam  fiw  the 
engines,  and  carbon  points  for  the  lamp  in  tbe  lantbcm* 

The  lanqp  is  a  delicate  arrangement  of  macblnery,  holding  tbe  two 
carbons  between  which  tbe  electiio  light  eodi^  ana  n^^ting  tlbeir 
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adjustment ;  ro  that  whilst  they  gradually  consume  away,  the  place  of 
the  light  shall  not  be  altered.  The  electric  wires  end  in  the  two  bars 
of  a  small  railway,  and  upon  these  the  lamp  stands.  When  the  car- 
bons of  ft  lamp  are  nearly  gone,  that  lamp  is  lifted  off  and  anoliier 
instantly  pushed  iiito  its  place.  The  machines  and  lamp  have  done 
their  duty  during  the  past  rix  mouths  in  a  real  and  practical  manner. 
Tlie  light  has  oefer  gone  out,  through  anv  deftdeiiey  or  eaute  in  the 
aogme  and  madune  house :  and  when  it  has  heoome  ertingoMied  in 
the  lanthorn,  •  single  touch  of  die  keeper^s  hand  has  set  it  shining  as 
bright  as  ever.  The  light  shone  up  and  down  the  Channel,  and  across 
into  France,  with  a  power  far  surpassing  that  of  any  other  fixed  light 
within  sjf^ht,  or  any  where  existent.  The  experiment  hm  been  a  fr<>od 
one.  There  is  still  the  inattrr  of  expense  and  some  other  fircaiDstaiu-es 
to  he  considered  ;  but  it  is  the  hope  and  desire  of  the  Trinity -Ik  )  use, 
and  all  interested  in  the  subject,  Uiat  it  should  ultimately  justify  its 
full  adoption. 

[M.  F.] 


WEEKLY  EVENIjSG  MEETliSU, 

Friday,  March  16,  1860. 

Shr  Bkisjamin  Collins  Buodie,  Bart.  D.C.L.  Pres.  BmS* 
Vioe-PfSBident  R.JU  in  the  Chair. 

Maxwell  T.  MAsms,  Esq. 

Om  the  Sdaltkm  between  the  Atnormal  and  Normal  Formaikme 

in  PkoUt, 

Tbb  object  of  this  disoonise  was  to  point  ont  certain  interesting  Acts, 
rebting  to  the  natural  and  abnonnal  developeoent  of  plante,  and  to 

the  impossibility  of  drawing  any  absolute  distinction  between  tibe  two ; 
to  show  their  bearing  upon  the  theory  of  \  egetable  morphology,  and 
on  the  views  lately  propounded  by  Mr.  Darwin.  Premising  that  no 
general  law  can  be  laid  down  to  inclnde  all  plants,  as  each  large 
group  has,  to  a  certain  extent,  its  own  special  or^^anization,  the  8})eaker 
briefly  adverted  to  the  natural  conformation  of  plants  under  the  fol- 
lowing heads:  1st.  Alimentary  system;  2nd,  Tegumentaiy j  3rd, 
Reproductive  ;  4thj  Fibrous  ;  oth.  Appendicular  System. 

All  plants  possess  aUmentary,  tegumentary,  and  reproductive 
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systems,  and  the  humblest  plants  have  no  others.  All  plants,  but 
Thallogens.  possess  in  addition  a  fibro-vasculnr  system,  and  an  axis,  co- 
existent with  which  is  the  presence  of  an  appendicular  system,  in  the 
form  of  scales,  leaves,  and  in  the  higher  plants  of  sepals,  petals,  &c 
All  these  organs  have  a  commoo  origin,  and  this  rdatioDship  Is  only 
partially  obliterated  tfarmighoat  life  i  eo  that  there  b  a  nrach  closer 
homology  between  the  oigans  of  one  plant,  and  between  the  organs  of 
one  class  of  plants,  and  those  of  another,  than  is  the  case  in  the  animal 


In  considering  what  is  natural  and  what  is  not  so,  a  great  deal  is  of 
necessity  assumed.  Naturalists  construct  for  themselves  a  sort  of  type 
or  ideal  standard  of  perfection,  which  does  not  of  necessity  exist  in 
nature,  but  which  enables  us  to  gain  a  clearer  insight  into  the  truth. 
If  this  be  not  borne  in  mind,  in  speaking  of  the  laws  of  creation,  etc 
we  are  likely  to  be  charged  with  the  sin  of  presumption,  and  to  fiislflr 
the  very  prevalent  error,  that  beoanse  one  hypothesis  is  ahown  to  be 
false  by  argaments  derived  tnm  another,  imt  the  latter  is  of  neoemtj 
true.  In  natural  science,  that  theory  has  the  greatest  claims  to  accept- 
ance, which  satisfactorily  explains  the  largest  number  of  facta,  and  by 
means  of  which  our  store  of  knowledge  is  most  augmented. 

For  the  present  purpose,  the  speaker  assumed  the  correctness  of 
the  heretofore  generally  received  opinion  of  tljp  existence  of  "species," 
endowed  with  a  very  variable,  but  a  limited  i>ower  of  variation  ;  and 
then  proceeded  to  discuss  what  degree  or  extent  of  variability  might  be 
considered  natural,  and  what  unnatural.  The  distinction  is  not 
always  easy,  and  in  many  cases  it  is  impossible.  Where  the  ▼ailation 
is  slight,  and  apparently  co-exlstent  with  a  change  in  the  conditioos 
of  growth  the  vaiiation  is  evidently  natoraL  AUusion  was  made  to 
audi  facts  as  that  of  peaches  and  nectarines  found  gprowing  on  the 
same  bough,  to  alterations  effected  by  changes  in  climate,  <&c.  When 
the  variation  is  greater,  of  course  greater  difficulty  exists  in  determin- 
ing whether  or  no  it  be  natural.  Keference  was  made  to  the  primrose, 
the  cowslip,  and  the  oxlip,  which  differ  in  many  important  points;  one 
from  the  other,  but  which,  nevertheless  seem  to  be  variations  of  one 
form ;  in  evidence  of  which,  amongst  other  fact^,  are  these,  tliat  all  three 
have  been  raised  from  seeds  derived  from  the  same  fruit ;  and  that  in 
the  Hookerian  herbarium  there  exists  a  specimen  wherdn  a  primrose 
and  a  cowslip  spring  firom  the  same  stem.  Some  plants  are  especially 
liable  to  vary ;  such  are  orchids,  ferns,  grasses,  and  especially  fungi, 
eome  of  which  latter  have  no  less  than  five  different  modes  of  reproducing 
themselves  by  as  many  distinct  organs.  The  speaker  was  enabled,  through 
the  kindness  of  Professor  Buckman,  to  exhibit  specimens  illustrating 
the  very  curious  experiments  of  that  gentleman  in  ennobling  the  wild 
oat,  and  in  producing  from  the  seeds  of  two  so-called  species  of  aquatic 
grasses,  Glyceria  aquutica^  and  Glyceria  f/uitans,  when  grown  in  a 
dry  soil,  a  form  unlike  either  of  the  parent  plants,  — a  form  in  which 
the  heribMge  of  Ofyeeria  oquaHea  was  'combined  with  [the  infloreeeenee 
^PoairmaiU.  The  eiperimenta  of  Frofossor  Buckman  have  the 
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more  raliie  as  they  have  been  made  without  any  refereDoe  to  theoretio 
views.* 

Another  difficulty  in  distinguishmg  the  abnormal  from  the  normal 
ill  |jluiit:«,  arises  Iroin  tlic  fact  that  what  is  unnatural  or  unusual  in  one 
plant,  is  the  common  condition  in  another  nearly  allied  plant.  In  illua- 
tntion  of  which  aevenil  imlanoei  were  cited ;  and  one  in  particulAr, 
which  led  Heir  8.  ReisMk,  in  some  measure,  to  anticipate  the  views  of 
Mr.  Darwin.  The  changes  took  place  in  a  species  of  Tkenum,  affected 
by  a  parasitiea]  fongos,  in  consequence  of  which  apparently,  the  piant 
underwent  many  changes,  some  of  which  caused  it  to  assume  many  of 
th^  oharacteristics  of  allied  species  antl  wen  f^enera.  '*  ?^^y)pose/'  says 
the  author,  ''the  condition  originally  causrd  by  the  fungus  to  become 
constant  in  the  course  of  time,  the  plaut  would,  if  found  growing  wild, 
be  coiibidtred  a>  ;i  diritiiict  ?;pecira,  or  even  as  belonging  to  a  new  genus. 
Kature  appears  Uj  liave  set  up  a  hugerpost,  to  show  tiiC  ¥ray  in  which 
species  and  genera  may  have  been  rormed  out  of  a  previously  existing 
type/'  &c.f  HerCy  however,  therft  is  no  reference  to  the  ceaseless 
process  of  natural  sdedion,  and  of  very  gradual  diange.  Another  dr» 
oumstance  which  adds  to  the  perplexity  that  is  felt  in  distinguisliing 
the  normal  from  the  abnormal  in  plants,  is  that  irregularity  of  growth 
can  hardly  be  considered  abnormal,  because  it  is  in  many  instances  a 
constant  condition  ;  thv  health  of  the  plant  is  in  no  wise  impaired,  the 
irrerFiihu  ity  does  not  exist  at  first,  but  arises  during  devdopmeot,  and 
it  is  subj'ct  to  definite  laws. 

Certain  changes  may  be  physiologically  abnormal,  because  they 
interfere  with  the  due  fulfilment  of  the  functions  of  the  part  afiected  ; 
and  yet  morphologically  they  can  hardly  be  considered  abnormaly 
because  they  do  not  violate  any  of  the  laws  6f  morphology,  and  are 
caused  perchanoe  by  a  mere  reversion  to  a  nmpler  foim. 

Reference  was  then  made  to  the  classification  of  m^ormations  in 
plants,  adopted  by  M.  Moquin  Tandon,  in  his  standard  woik  on  the 
subject,  in  order  to  exemplify  the  impossibility  of  drawing  a  line 
between  what  should  and  should  not  be  deemed  a  malformation,  for 
the  reasons  already  mentioned.  Even  in  the  class  of  Malformations 
groujjed  under  the  head  of  "  Deformity,"  the  change  was  so  slight 
aia  jiot  to  interfere  with  the  physiological  functions,  or  it  was  one 
which  occurred  naturally  in  other  plants.  Peloria,"  or  that  change 
whmby  a  flower  usually  irregular  becoBsas  regular,  may  oceur  in  two 
waya— one  where  the  flowv  becomes  regular  by  the  mcrease  of  its 
^regular  portions,  so  as  to  restore  the  symmetry,  as  in  the  Pekman 
varieties  of  the  conunon  Linmria ;  the  other,  almost  entirely  over- 
looked, is  where  the  flower  preserves  throughout  life  its  original 
equality  of  pro]>ortions.  The  calyx  of  the  double  Tropwolum  affords 
an  illustration  of  this.  Tfie  calyx  of  the  simple  form  is  coloured,  with 
its  upper  sepal  prolonged  in  the  shape  of  a  spur ;  in  the  double  variety 
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all  five  sepals  are  green,  and  of  equal  size.  We  can  Imrdly  cousider  a 
return  to  regularity,  in  whatever  way  it  be  effected,  as  auumaiouB  ;  and 
it  has  been  before  shown  that  irregular  flowers  are  not  necessarily 
luonstrous.  It  is  not  requisite  to  go  tlirough  the  clasaiticalioa  uf  M. 
Moquin  Tandon,  at  any  greater  length,  as  the  same  remarks,  to  a 
greeicr  or  Imot  extent,  apply  to  idl  the  groups. 

Aj  confeHedly  artificial  distinctioDs,  it  may  be  said  that  a  Tariety 
b  some  diange  nom  the  ordinary  oondition  of  a  plant— a  ehange  in 
nowise  impairing  the  exercise  of  the  phyfliological  fiioctions — a  change 
affecting  the  whole,  or  at  least  several  parta  of  the  plant,— a 
ehange  which  is  more  or  less  constant  and  permanent  and  which  it 
reproduced.  On  tlie  other  hand,  in  a  monstrosity,  there  is  a  change 
which  doe^  more  or  less  interfere  with  the  due  exerrise  of  the  functions 
of  the  orphans  affected — a  change  usually  affecting  one  organ,  or  one  set 
of  organs  in  a  plant, — a  change,  less  constant  and  permaaent  than  in  a 
variety, — a  change  which  is  rarely  reproduced. 

Allusion  was  then  made  to  the  value  of  Teratology,  as  affording 
the  basis  on  which  the  now  generally  received  theory  of  vegetable 
morphology  rests.  No  doubt  the  nnnraal  conditions  of  plants,  whether 
they  be  called  varieties  or  monstrosities,  arise  freqnentlv  from  Oe 
operation  of  that  ceaseless  straggle  for  existence  in  the  battle  of  life>  to 
which  ICr,  Darwin,  as  well  as  the  late  Dean  Herbert  attribute  so  modi 
importance ;  but  we  should  be  extremely  careful  in  reasoning  from 
malformations,  and  even  from  varieties,  either  in  support  of,  or  in 
opposition  to  Mr.  Darwin's  views,  especially  if  the  word  species  be 
understood  in  its  widest  acceptation.  The  amount  of  ehnnp^e,  great  as 
it  is  in  certain  instances,  is  not  greater  than  is  the  diversity  of  form 
under  which  the  same  individual  plant  may  occur:  moreover,  the 
changes  on  which  Mr.  Darwin  relies  are  small  in  de^ee,  but  coiibiaiuly 
increasing.  Violent  and  sudden  chaugeis  are  ilisu vowed  by  him  ;  fur 
though  tlie  result  of  a  struggle  for  life,  yet  they  tend  rather  to  the 
extinction  of  the  organ  or  fiim  plant,  than  to  the  production  of  a  new 
apecies.  If  Mr.  Darwin's  views  be  pushed  to  their  fullest  con- 
aequences,  it  would  appear  as  if  there  were  no  limits  to  variatiott ;  and 
it  is  of  the  highest  importance  to  ascertain  whether  tiiis  be  so  or  not 
Without  fbit^Mng  the  necessity  of  caution  in  employing'  teratologics! 
f&cts  in  such  a  question,  the  speaker  cited  as  tenmng  to  show  the  pro« 
bability  that  there  were  limits  to  variation,  the  fact  that  in  the  malfor- 
mations of  what  nre  considered  to  be  the  most  highly  specialized  groups 
of  plants,  tiiose  whose  structure  is  most  complex,  mof^t  concentrated,  and 
furtliest  removed  from  the  leaf  type,  as  Compositce,  0 mbeilijerfe,  &c., 
little  or  no  exaltation  of  the  type  ever  occurs,  whereas  in  other  orders 
whose  structure  does  not  m  widely  depart  from  the  leaf  type,  such  an 
exaltation  is  frequent,  tliougk  always  less  so  than  the  opposite  process 
of  degeneration. 

The  degree  of  constan<nr  is  very  various,  and  most  important  to  be 
oonsidmd  in  questions  of  this  kind.  The  speaker  is  under  obligations 
to  his  fiiHier  for  the  following  interesting  mcts  bearing  on  this  point 
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A  tree  of  that  variety  of  the  weeping  willow,  whose  leaves  are 
rolled  up  in  a  spiral  coil,  after  retaining  its  character  for  twenty- 
five  years,  at  length  sent  forth  a  shoot  in  an  ascending  durection. 
tills  ahoot  being  dothed  with  flat  leftveii  at  in  the  oomiiKm  fonn, 
There  are  aeyml  yarietie*  of  the  aveet  pea :  nuuiy  yearn  of  obser- 
TatUm  have  shown  that  the  white  flowmd  sweet  peas  seldom,  if 
erer,  raiy ;  but  that  in  proportion  as  the  flower  becomes  darker  in 
eolonr,  so  is  the  liability  to  vary  greater :  and  these  changes  are  not 
confined  to  the  colour  merely,  but  affect  the  pods  and  other  orf!;?\ns. 
So  too,  the  yellow  varieties  of  the  hyacinth  are  iiiore  constant  than 
those  of  other  colours.  On  the  whole  the  \  arictit  s,  and  btiil  more  the 
malformations,  are  characterized  by  a  want  of  constancy  and  a  ten- 
dency to  degenerate  :  a  tendency  not  oveiiuokcd  by  Virgil^  as  witness 
the  following  lines : — 

Vidi  lecta  diu,  et  mnlto  spectatii  lal^ore, 
Degenerare  tainen  ;  ni  vis  humaua  quotannis 
IC^ima  quaeque  manu  leseret :  sic  omnia  fatis 
In  pcgof  ruere^  ao  retro  snolapsa  referri ; 
Non  aiiter,  qnam  qui  ad^enN)  viz  flomuie  lembom 
Bemigib  subigit,  si  brachia  forte  remlsit, 
jLtqne  illnm  in  proBcepa  prono  rapit  alveus  anuu." 

Owg.  i|  197* 

[M.  T.  M.] 

[The  speaker  takes  ibis  opportunity  of  expressing  his  obligations 
to  several  of  his  friends  who  supplied  him  with  illustrations  for  his 
discourse,  especially  to  his  fiith^y  to  Mr.  Waid,  Mr.  Baxter,  and 
ftof.  Bnckman.] 
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WEEKLY  EVENING  MEETING, 
Friday,  Mareb  28»  1860. 

Tus  LoEB  W£^Nsi.EYDAL£,  Vioe-Ffesident,  in  the  Chair. 

Ths  progrw  of  chemieal  diwowy  in  so  fundamental  and  important 
a  subject  as  the  elements,  has  been  hitherto  singolarly  incommensurate 
with  the  rapid  atrides  of  theory  and  the  vast  accumulation  of  facts 

regnrdincr  the  compounds,  ^liicli  tliose  el^'TTiPiits  combine  to  form.  Of 
this,  the  tl( 'meiit  carbon  is  a  remarkable  illustration. 

Organic  ( hemistry  is  the  chemistry  of  carbon,  yet  even  now  the 
number  of  allotropic  states  of  that  element  are  undetermined  with  any 
certaiiitjr.  Even  the  question  of  the  crystalline  s)  stem  oi  graphite  is 
not  decided;  and,  while  jwe  are  almost  entirely  ignorant  of  the  real 
cooditioiis  leqinstte  for  the  prodaction  of  carbon  in  any  of  its  allotro- 

8ic  atatea,  we  are  completely  in  the  dark  about  thoae  under  which  the 
iamond,  and  the  strange  mineral  kindred  to  it  called    carbonate  " 
have  been,  or  may  be  called  into  existence. 

The  transcendant  hardness  of  the  diamond  is  a  quality  which 
would  nlone  make  so  rare  a  body  very  costly,  even  if  it  liad  no  value 
as  a  gein.  [The  apparatus  employed  ]>y  (he  dianidrtd-cutterfor  cutting 
the  diaiijond  by  means  of  its  ow  n  dust  was  exiiibiled  :  consisting  of 
the  schyf  or  hori/untal  iron  wheel  anned  with  this  dust,  on  which 
tlie  diamond  is  pressed  by  weights,  laid  on  an  arm  of  wood,  below  the 
end  of  which  aim  the  diamond  is  carried  in  a  projecting  bed  of 
fbnble  metal.] 

Another  remarkable  characteristic  of  the  diamond  is  its  adamantine 
lustre,  arising  from  the  reflection  of  so  large  an  amount  of  light  from  its 
polished  surface ;  a  characteristic  which  is  closely  linked  to  its  high 

refringent  power.  That  power  indeed  is  so  great,  tlir\t  it  is  approached 
by  no  coiourleas  solid,  nor  by  any  even  of  the  highly  refringent  oils, 
and  inorganic  compounds  of  carbon.  Tluis,  a  ray,  on  passing  into 
this  substance  is  so  bent  from  its  course,  that  the  new  direction  which 
it  takes  is  at  aiiy  giveu  point  4  uearer  tu  liie  perpendicular  ou  the 
snrfiioe  tiian  was  the  (Ustance  or  a  corresponding  point  in  the  course 
Vol.  III.    (No  32.)  B 


Digitized  by  Google 


230 


Mr.  N.  S.  MoMjfne, 


[Mtf€h23» 


which  it  prrvionsly  Iiold,  while  traversing;  the  air.  It  results  from 
this,  that  tlie  c  ritical  angle — tlic  angle  beyond  wliich  all  light  iatemally 
incident  on  the  surface  is  totnlly  reflected  internally,  and  whose  sine  is 
the  reciprocal  of  the  refractive  index, — is  in  the  diamond  so  small  au 
angle  as  26" ;  a  fact  which  enables  as  tu  cut  diamonds  for  ihc  pur- 
poses of  jewellery,  so  as  to  produce  an  effect  which,  in  any  other  gem, 
would  only  be  produced  by  8tone$  of  much  greater  tliicknea^  Thoi, 
the  diamond-outter,  by  the  Instinct  of  an  art  which  worked  oat  prac- 
tically this  problem  at  a  time  when  science  had  not  determined  "  the 
law  of  sines,"  takes  advantage  of  this  principle  in  cutting  the  diamond 
into  the  brilliant  form. 

The  brilliant  is  fundamentally  a  double  pyramid  or  cone,  tnuK^ted 
by  a  large  plane  called  the  table,  on  one  end,  and  by  a  small  one  called 
the  ciilet,  at  the  other.  The  adjustment  of  the  angles  of  the  two 
pyramids  has  to  be  so  made,  that  the  girdle  of  the  stone  presents  a  pris- 
matic edge,  the  angle  of  which  must  be  as  much  as  twice  the  critical 
angle,  or  sls  nearly  so  as  the  original  form  of  the  diamond  permits. 
This  angle,  which  in  the  diamond  is  48^,  would  require  to  be  68^  to  70^ 
for  the  sapphire  or  chrysoberyl,  and  above  80^  for  glass.  The  adjust- 
ment of  the  relative  sizes  of  the  table  and  the  culet  are  also  very 
important;  and  the  object  aimed  at  in  both  these  adjustments  Is  that 
no  light  shall  nenetrate  the  diamond  from  above,  that  shall  not  be 
totally  reflected  internally,  and  so  thrown  back  again  through  the 
summit  planes,  called  the  bezil  planes,  or  the  table.  Meeting  these 
planes  at  various  inclinations,  the  light  is  shattered  into  a  thousssd 
hues,  by  the  disp(>rsive  power  of  the  stone.  [A  comparative  experiment 
was  exhibitod.  l>y  wliich  the  spectnua  formed  by  n  flint  glass  prism 
w  ;is  brougiit  into  comparison  with  one  formed  by  the  table  and  one  of 
the  inferior  planes  of  a  thin  brilliant.] 

The  geographical  distribution  and  geological  association  of  the 
diamond  have  not  as  yet  thrown  much  light  on  its  origin.  In  India, 
Malacca,  Borneo,  in  Brazil,  Mexico,  the  gold  states  of  tlie  United 
States,  and  in  the  ITrals  it  is  found  in  beds  of  rivers  or  alluvial  deposits. 
In  Australia  and  in  Algiers  it  is  reported  to  have  been  found,  and 
under  similar  conditions.  In  Brazil  it  has  been  traced  to  its  rock- 
home  in  the  itacolumite  (a  micaceous  quartzose  schist,  oAen  containing 
talcose  minerals,  and  intersected  by  quartz  veins),  and  also  in  a  horn- 
blende slate  continuous  with  the  itacolumite.  But  whether  these  are 
its  parent  rocks,  or  whether — as  they  are  probably  metamorphic  in 
their  nature — its  origin  dates  from  an  earlier  state  of  the  materials 
that  have  become  transmuied  by  time  and  the  play  of  chemical  and 
physical  forces  into  ilaculumite  and  hornblende  slate,  we  arc  nut  in  a 
position  to  declare.  Tlie  coia|>aiiions  of  the  diamond  do  not  t(  11  i:s 
history  in  a  much  less  vague  language.  Gold  seems  in  every  diamond 
country  to  be  either  an  associate  or  the  not  distant  neighbour  of  the 
diamonds.  Tourmaline,  chrysobeiyl,  chrysolite,  topaz,  kyanite,  oxides 
of  titanium  and  of  iron,  quartz  as  jasper^  and  in  other  formsy  are 
frequently  found  with  them. 
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In  the  (iiaiDond,  splinlcrs  of  ferruginous  quartz  have  been  found.  A 
high  aiiti(iui[y  and  an  origiu  perhaps  contemporaneous,  and  not 
improbably  connected  with  the  geological  distribution  of  gold  in  quartz 
veins,  may  be  inferred  from  these  facts. 

The  cfcemkt  hts  to  deal  willi  »  more  general  problem ;  that  of  the 
methods,  whether  employed  by  nature,  or  open  to  his  own  ingenuity, 
Ibr  producing  the  diamond.  Many  solutions  for  tUs  proUem  bATe 
been  and  may  be  proposed  : — 

1.  The  authority  of  Liebig  supports  the  view  of  a  process  of 
a^macausis  having  converted  organic  compounds  into  diamonds. 

2.  The  decompositiou  of  binary  enrbon  compounds  by  replace- 
ment of  the  carbon  by  80Tn<>  other  elements. 

3.  A  proc^  of  subliriKition. 

4.  Cooling  from  lusiou  under  pressure  (suppc^ing  carbon  other- 
wise to  vaporise  without  fusion,  like  arsenic). 

5.  Deposits  fiom  Toltaic  currents  between  carbon  poles. 

6.  Deports  on  the  cooling  of  fused  metals  (or  other  substances  ?), 
surcharged  with  carbon. 

7.  The  sepamtion  of  carbon  fiom  eaibonates^  analogous  to  that 
of  silicon  from  silicates,  which  may  be  effected  by  magnesiam  at  a 
red  heat,  and  by  lithium  far  under  red  heat. 

And  these  do  not  exhaust  the  numbor  of  possible  suggestions.  Of  them, 
one  (the  6th)  possesses  peculiar  interest. 

Graphitic  boron  and  silicon  are  formed  by  the  cooling  of  fused 
aluminium,  surcliarged  with  these  elements  ;  aud  tiic  same  elemeutb — • 
in  other  respects  so  closely  grouped  with  carbon— separate  in  the 
adamantine  form  from  zinc,'under  analogous  chrcomstances.  The  latter 
are  crystallised  indeed  in  different  systems  from  lliamond}  bat  they 
posse  ss  many  of  its  diaracters  in  a  remarkable  degree. 

Mr.  Maskelyne  then  adverted  to  some  of  the  largest  diamonds 
that  have  been  recorded,  and  concluded  with  a  few  facts  regarding 
the  Koh-i-Nur.  These  had  chiefly  for  their  object,  to  prove  that  the 
great  diamond  of  India,  which  the  Emperor  Baber  records  as  having 
been  taken  at  Agra,  by  Huraayun,  in  May  1526,  was  tlie  Kuh-i- 
Kur,  DOW  the  crown  jewel  of  England.  This  was  bailed  on  the 
identity  of  weight  of  the  diamond  (before  it  was  cut)  in  1851^  with 
the  eight  mishhals,  which  Baber  declared  to  have  been  its  estimated 
weight.  It  is  difficult  to  state,  precisely,  what  the  misfakal  was  in 
Baber*s  day*  His  coins  and  Humayun's  are  very  scarce ;  but  even  in 
their  greatly  worn  state,  these  early  Mogul  siWer  coins,  or  dirliams, 
avrnge  aboye  71,  and  range  up  to  71*5  grains,  probably  correspond- 
ing to  a  coined  value  of  at  least  73,  and  perhaps  even  74  grains. 
These  probably  represent  the  mishkal.  It  is  not  less  difficult  to 
determine  what  was  the  precise  weiglit  of  the  Bokhara  goldsmith's 
niishknl,  \\  hich  would  have  been  the  basis  of  Baber's  coinage,  in  the 
16th  century  ;  but  among  the  old  Samanian  coins  (of  Bokhara  and 
Samarkand,  aj>.  961 — 11G5)  are  some  from  which  it  would  seem, 
that  bendes  the  old  dinar,  of  about  66  grains,  and  a  dirbam,  of  50, 
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there  were  li  dirham  pieces  (cofresponding  in  their  ratios  to  the 
modern  ones  of  Biusorah),  whose  weight  is  about  75  grains.  The 
Ghaznavid  cfinis  of  the  Ist  Pathdn  sovereign  of  India,  Mmz-ud-din^ 
A.D.,  lli)3,  tally  with  these  ;  one  of  them,  indeed,  is  insnibed  as  a 
dirham,  and  weij^lis  74  grains.  The  base  of  tiie  modern  pouderary 
system  of  l>ukhara  is  stated  by  the  Parsee  writer,  Is  ovv  rozjee  Fur- 
doonjee,  to  be  a  mishkal  of  71  grains,  so  that  the  limits  of  range  of 
the  misUnl  of  Bokhaia  and  Ghazni,  irm  probably  from  74  or  75 
gmins  in  the  10th  and  11th  century,  to  71  m  modem  times,  and  In 
the  days  of  Baber,  as  rendered  probable  from  his  coins,  the  margins  of 
which  are  much  worn,  it  was  probably  not  less  than  74  grains— whieh 
indeed  is  still  the  weight  of  the  goldsmith's  mishlud,  in  Persia— 
and  corresponds  to  the  relation  recorded  by  Makrizi  and  Abu'l  fuzl, 
as  subsist  in  between  the  Syrian  or  Indian  mishkal  and  t}»e  Greek 
dinar  (tlie  66-graiu  coin  of  the  caUpliate).  A  mishkal  of  73*69, 
would  pi\  e  the  weight  of  the  Koh-i-Nur ;  and  is  in  liact,  even  at  the 
present  day,  almost  precisely  the  Arabian  gold  miscal  of  73*368  grains 
troy.  Another  resource  for  the  determination  of  this  point,  is  to  be 
fimnd  in  the  Indian  weights,  for  which  the  Emperor  Baber  gives  the 
Fenian  equivalent,  in  a  remarkable  passage  in  his  memoirs^  that  has 
been  apparently  overlooked  by  numismatic  writers. 

The  ratiea  he  giveS|  are  4  Mashes  (of  8  ratis)=:l  Tank, 

5      „  crl  Mishkal, 

12      „  =1  Tola, 

and  he  adds,  they  weigh  jewels  and  precious  stones  by  the  tank.  Until 
the  time  of  Shir  Shah,  the  tola,  as  determined  from  the  Pathan  coins, 
was  a  weight  of  a  minimnm  vRlne  of  174,  and  probably  as  high  as  176 
or  177  grains.  Tn  Ikiber's  time,  therefore,  it  mny  l)C  taken  at  this 
value.  The  tank  also,  ns  deduced  from  the  u'dhali  of  Mohammed 
ben  Tughlak,  would  jutoid  with  this  estimate. 

Abu'l  fuzl  states  the  a'dhali  to  have  been  half  a  dum,  aud  the  ddm 
to  have  been  five  tanks.  Hohammad-ben-Taglak*s  a'dhali  weighs 
140  grains.  These  must  be  assomed  to  have  bm  issued,  or  to  have 
been  estimated  at  a  mint  value  of  146  grains,  to  give  the  tank  of  69, 
and  a  tola  of  177  grains,  an  assumption  by  no  means  too  great  for  coins 
of  that  sovereign.  The  rati,  the  little  red  and  black  seed  of  the  Abrus 
precatorins,  is  far  too  uncertain  and  variable  a  weight  to  be  made  the 
EMtsis  of  a  calculation  of  the  kiTid. 

The  320  ratis  of  iiaber,  and  the  319^  ratis  of  Tavernier,  would 
give  au  error  of  some  ten  carats  for  e\  ( ry  tonth  of  a  prain  error  that 
might  be  made  in  the  estimate  of  the  value  of  tiie  raiij  a^  the  unit  in 
such  a  calculation. 

There  are  two  kinds  of  rati-weight ;  the  goldsmith's  of  8,  and  the 
jeweller's  of  6  ratis,  to  the  same  masha.  There  is  also  a  pearl  rati. 
The  only  possible  means  of  assigning  a  value  to  ttiese  weights  is  by 
arriving  at  some  result  with  regard  to  the  tank,  the  tola,  the  masha,  or 
the  mivlik  d,  and  deducing  the  value  of  the  rati  from  these.  Tavernier 
has  obviously  fallen  into  an  error  regarding  the  relative  value  of  this 
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little  weight,  as  compared  not  only  with  Ettiopean  atandardi  of  weight, 
bat  also  with  those  of  India.  It  is  possible  that  he  took  the  pearl  rati 
of  three  troy  grains  for  hb  basis,  and  eonfbnnded  it  with  the  other 
varieties  of  this  variable  unit  of  comparison. 

The  speaker  then  noticed  Tavemier's  account  of  the  diamond  he 
in  the  possession  of  Anrunnrzebe,  of  which  he  ^\ve<?  t!ic  weight  as 
319^  ratis;  and  the  apparent  inconsistencies  of  his  narrative,  with  the 
idea  uf  that  dinmond  being  the  32()-rati  diamond  of  Eaber,  were 
sought  to  be  explained  from  the  eouteniporaiy  liistory  as  given  by  the 
translator  of  I  erishta,  and  by  Bernier,  no  less  than  by  Tavernier 
lumself  .  It  seemed  probable  at  least,  that  the  old  crown  jewel  of  the 
sovereigns  of  Delhi,  and  the  talisman  of  Indian  empire,  was  then  in 
the  possession  of  Aumngzebe,  and  was  seen  as  such  by  the  French 
traveller  ;  but  that  he  has  mistaken  the  history  of  tliat  stone,  and  con* 
founded  it  with  tliat  of  another  which  had  been  found  but  a  few  years 
before,  and  had  been  acquired  by  Shah  Jehaun.  Shah  Jehaun  was 
then  a  state  prisoner,  and  his  reigning  son  lot  liim  retain  his  jewels  in 
his  captivity.  Among  theso  would  doubtless  have  been  the  diamond 
Tavernier  alludes  to,  and  which  had  been  in  fact  no  crown  jewel,  but 
a  private  posses^iion  acquired  by  Shah  Jehaun  himself. 

TaFemier  indeed  gave  a  drawing  of  the  diamond ;  but  his  represent- 
ation is  a  most  rude  ooe^  and  is  as  much  like  the  Koh-i-Nur  seen  from 
one  end,  as  it  can  be  said  to  be  like  any  laige  diamond  known  to  exist 
now;  while  his  description,  utterly  at  variance  with  his  drawing, 
exceedingly  well  characterises^the  Koli^i*Nar,  even  in  its  peculiarities. 

The  history  of  this  diamond  is  one  long  romance  from  then  till 
now  ;  but  it  is  well  authentieateil  at  every  step,  as  histor}'  seems  never 
to  have  lost  sight  of  this  stone  of  fate,  from  the  days  when  Ala-ud-din 
took  it  from  the  Kajahs  of  IMalwah  five  centuries  and  a  half  ago,  to  the 
day  when  it  became  a  crown  jewel  of  England  ;  while  tradition  carries 
back  its  existence  in  the  memory  of  India  to  the  half  mythic  hero 
Khranu^t,  Rajah  of  Usjein  and  Malwa,  57  B.a ;  and  a  still  wilder 
legeod  would  fidn  recognise  in  it  a  diamond  recorded  as  worn  by 
Kamay  Rajah  of  Anga,  who  fell  in  the  great  war,''  and  first  dis- 
covered near  Masulipatam  in  the  bed  of  the  Godaveri*  5000  years 
ago* 
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Ffiday^  March  30,  1860. 
Thb  Lobb  Wshslbtdalb,  Vice-Freadeot,  io  the  Chair. 
William  Odlino,  Esq.  M.B.  F.E.S. 

On  Acids  and  6ales. 

It  is  natural  to  inquire  whether  the  doctrines  of  series  and  subsdto* 
tions,  which  are  es^ofitial  f(»r  the  assor?;ition  of  organic  products,  may 
not  throw  some  additional  light  upon  the  simpler  compounds  of  mineral 
chemistry,  when  viewed  as  unitary  molecules  ;  and  particularly  upon 
the  relations  and  itroju  rues  of  the  mineral  acids  and  their  salts,  which 
have  liitherto  constituted  the  struu^hulds  of  the  electro-cheJiucal,  or 
binary,  theory  of  combiDation. 

The  doetrine  of  series  affiima  that  chemical  oompotiDds  may  be 
amnged  in  serien,  the  suooesnve  members  of  each  of  which  differ  from 
one  another  in  compoeition  by  a  common  increment,  and  are  aesodated 
with  one  another  by  a  certain  relation  of  properties,  tlie  exact  nature 
of  the  relation  varying  with  the  nature  of  the  increment. 

The  doctrine  of  sub^t ifutions  nffirms  t!mt.  in  very  man v  chemical 
componnds,  (uie  or  more  atums  may  be  displarid  by  some  otli<  r  iitoms  ur 
groupings,  and  that  tlie  lu  w  l)odies,  resulting  from  tliis  displacement, 
correspond  in  constitution  with  the  normal  bodies  from  which  they 
were  derived.  The  doctrine  of  substitutions  affords  great  assistance  to 
the  doctrine  of  series ;  for  when,  as  frequentlv  happens,  a  eap  ezista  in 
any  series,  that  gap  can  almost  always  be  filled  up  by  aimbstitation* 
representative     the  missing  body. 

(a.^  There  are  four  acid  compounds  of  hydrogen,  two  Tolnmes  of 
each  or  which  contain  one  volume  of  hydrogen,  namely : 

HP  Fluorhydric  acid. 
IfCl  Chlorhydric  acid. 
HI>r  Hroniliydric  acid. 
Ill     iudhydric  acids. 
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When  two  voliimfli  of  ehlorhydrie  iMsad,  for  iDitanee,  are  acted  upoa 
by  a  red  hot  iron-wite^  tbe  chlorine  Is  absorbed  by  the  iron,  and  one 
Toluroe  of  hydeogen  liberated*  The  two  volumes  of  chlorbydric 
acid  yield  one  volume  of  hydrogen,  or  the  original  bulk  of  gas  is 

redneed  to  one-half  by  the  absorjjtion  of  its  chlorine.  The  above 
four  acids  may  be  looked  upon  as  subfititution-representatives,  one  of 
another. 

Chloriiytlric  acid  yields  the  foIlowiiiLT  series  of  oxides^  convertible 
into  each  other  by  mutual  nietauiuiplioais. 

HCl     Chlorhydric  acid. 
HCIO  HypochloroTis  acid. 
llClOt  Chlorous  acid, 
HClOa  Chloric  acid. 
HCi04  Perchloric  acid. 

AVlu  ii  ( lili.rhydric  acid  ITCl,  is  oxidated  by  permanganic  acid,  liypo- 
dilorous  acid  IICIO,  is  produced ;  and,  conversely,  chlorhydric  acid 
may  be  reproduced  by  the  deoxidatiou  of  hypochlorous  acid.  Ilypo- 
chlorous  acid,  when  heated,  breaks  up  into  chloric  acid  HClOg,  and 
other  products.  When  chlorie  add  is  deoxidated  by  nitrous  acid,  it 
becomes  chlorous  acid  HClOi;  and,  when  oxidated  at  the  positive 
pole  of  a  galvanic  battery,  it  becomes  perchloric  acid  HCIO4.  Here 
then  is  a  series  of  associated  acids,  expressed  as  unitary  molecules,  by 
the  simplest  possible  formulae,  and  arranged  in  a  series,  the  successive 
members  r>f  which  differ  from  one  another  in  composition  by  an  incre* 
ment  ol  one  atom,  or  volume,  of  oxyg^en. 

($.)  There  are  four  otlier  binary  eompouuds  of  hydrogen,  two 
volumes  of  each  of  which,  however,  contain  two  volumes  of  hydrogen, 
namely : 

HtO  Water. 

Solphydric  acid. 
HfSe   Selenhydric  acid. 
HtT   Tellurhydric  add. 

A  given  volume  of  any  one  of  the^^e  gases  or  vapours  contains  exactly 
twice  the  quantity  of  hydrofioii,  that  the  same  volume  of  any  one  of 
the  tirst  class  of  g;ises  contains;.  When  two  volumes  of  sulphydrie 
acid,  for  instance,  are  acted  upon  by  a  red  liot  iron-wire,  the  sulphur 
is  absorbed  by  the  iron,  and  two  volumes  of  hydrogen  gas  are  liberated. 
The  two  volumes  of  sulphydric  acid  yield  two  volumes  of  hydrogen, 
or  Uie  absCraelaon  of  the  sulphur  produces  do  alteration  in  the  bm  of 
gas.  The  bihydric  character  of  water,  moreover,  is  wdl  shown  by  the 
experiment  of  its  electrolytic  decomposition,  in  which  two  volumes  of 
hydrogen  are  produced  for  eveiy  one  volume  of  oxygen. 

In  the  sulphur  series  of  oxygen  adds  we  have  two  gaps,  which, 
however,  can  be  ftlled  up  by  the  chloro»representatives  of  the  missing 
bodies^  thus : 


Digitized  by  Google 


236'  Odling,  Esq.  [March  30, 

H,S  Sulphydric  acid.  Cl^. 

H,SO         Wanting.  C1,S0. 

H,SO,       Wanting.  C1,S0,. 

HgSOa  Sulphmons  add. 

H,SO«  Sulphmio  add. 

The  compounds  ClgSO,  and  CltSO.,  are  obtainable  from  the  ddoio- 
repreaentatiye  of  sulphydric  add  ClsS,  bv  tocceadTO  ozidatioiu  The 
fink  prodod  aetnalhr  afforded  by  the  oxidation  of  sulphydric  acid  it 
ioIphimraB  add  HSOwt  which  ia  produced  by  the  combustioii  of  aol- 
phydric  acid  in  air  or  oxygen.  Conversely,  sulphydric  acid  may  be 
obtained  by  deoxidating  amphuious  add  with  nascent  hydrogen. 
Sulphuric  acid  HtSO^  lesdlta  from  the  oxidation  of  sulphuroos 
acid,  and  by  deoxidation  can  reproduce  that  body,  as  in  the  ordinary 
process  for  the  preparation  of  sulphurous  acid.  Here  then,  includ- 
ing the  chloro-representatives,  is  a  second  series  of  acids  associated 
with  one  another  by  a  common  increment  of  composition,  and  by 
mutual  metamorpliosis. 

Sulphuric  acid  IlaiSO*,  is  the  representative  on  the  sulphur  series,  of 
perchloric  acid  HC104,  on  the  chlorine  series.  Each  contains  one 
atom  of  the  radlde  whidi  i^vea  the  special  character  to  the  add,  in  the 
one  eaae  chlorine,  in  the  other  anlphnr.  Each  contains  also  four 
atomsy  or  yolnmes,  of  oxygen ;  but  whereas  perchloric  add  contains 
only  one  atom,  or  volume,  of  hydrogen,  sulphuric  add  contains  two 
atoms,  or  two  volumes.  And  tnis  difference  in  comjiosition  leads  to  a 
marked  difference  in  the  properties  of  the  two  acids.  Perchloric  acid 
IIC1()4,  has  only  one  atom  of  hydrogen  that  can  be  replaced.  Hence  it 
forms  only  one  description  of  salt,  such,  for  instance,  as  perchlorate 
of  potassium  KCIO4,  and  only  one  description  of  ether,  such,  for 
instance  as  perchloric  ether  EtClO^.  But  sulphuric  acid  has  two 
hydrogen  atoms  that  can  be  replaced.  Hence  it  can  form  acid  salts, 
neutral  salts,  double  salts,  acid  ethers,  neutral  ethers,  double  ethers, 
and  saline  ethers,  as  shown  in  the  table. 

H,  SO4  Sulphuric  acid. 

KlI  SO4  Acid  sulphate  of  potassium. 

Kg  SO4  Keutral  sulphate  of  potassium. 

KNi  S0«  Potassio-sulphate  of  nickd. 

BtH  SO4  Ethylo-sulphttric  add. 

£t«  S0«  Neutral  sulphate  of  ethyl. 

EtMe  SO4  Ethylo-sulphate  of  methyl. 

£tK  S0«  £thylo-sulphate  of  potassium* 

This  property  of  forming  acid  and  double  salts,  and  add  and 
double  ethers,  «&c.,  indicates  a  fundamental  difference  in  character  be- 
tween sulphuric  and  perchloric  acids,  a  diffbrence  that  is  satis&dorily 
repfosented  by  the  difference  in  theur  formulflB  as  here  written 
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dowD,  HCIQm  and  B^«»  Bibasic  chancten  are  iimiiift)fted  at  deei- 
dedly  by  the  anlplmroiM  and  rolphydrie  adda. 

(y.)  There  are  four  other  binary  compounds  of  hydrogen,  two 
Tolumes  of  eaeb  of  whieh^  however^  contain  three  Tolnmet  of  hydiogeni 
namely: 

IT^N  Ammonia. 
H,P  Phoephamine, 
H,As  Arsenamine^ 
HjSb  Stibamine. 

When  the  two  ▼oltnnea  of  phosphamine,  for  inslaocey  are  aeted  nixni  bj 
a  red  hot  iron -wire,  the  phoephoms  is  abaorbed  by  the  iron,  and  three 
Tolumes  of  hydrogen  ^as  are  liberated.  Two  volumes  of  cblorhydric 
acid  yield  cue  volume  of  hydrogen  ;  two  volumes  of  sulphydric  acid 
yield  two  volumes  of  hydmirpn,  while  two  volumes  of  j)hosj)liRPnTie 
y'uA'l  three  volumes  of  hytli^Hien  ;  and  tin's  is  a  most  important  dis- 
tiiiciiuii  between  the  three  classes  of  hydrides  to  which  tliese  three 
gases  respectively  belong.  Again,  two  volumes  of  gaseous  ammonia, 
when  decompobed  by  the  Ruhmkorff  spark,  become  converted  into 
three  volumea  of  hydrogen  and  one  volume  of  nitrogen ;  or  the 
original  bulk  of  the  ammonia  becomes  doubled. 

In  the  phoephoruB  series  of  oxygen  acids  there  Is  but  one  gap>  and 
this  can  be  filled  up  by  the  chlorine-,  or  the  ethyl-  rq>Tesentatiye  of  the 
missing  body. 

H,P  Phosphamine  Cl.P  Et,P 

H3PO        Wanting?  Cl,PO  Et,PO 

ll.,r0t  Hypophoj>i)liorou8  acid 

lisrOa  I'hosphorous  acid 

H8PO4  Phosphoric  add 

Brodit'  has  asceruiined  that  oxichlorulo  of  pliosphorns  CI3PO,  may 
b<'  olitaim  d  directly  by  pa&sing  oxygen  gas  througli  lMiirMi«T  terchloride 
ol  phiKsphui'us,  or  trirhloro-phosphamiue  CI3P,  Tiie  linion  of  tri-ethyl 
pliosphine  Et,P,  with  oxygen,  to  form  the  oxide  of  Iri-ethylpbosphine 
£t,PO,  constituted  one  of  Hofinann's  earliest  experimenta  on  the 
phosphorus  bases.  Froceedbff  to  the  actual  oxides  of  phosphamlne,  it 
is  doubtful  whether  hypophospnorous  acid  HaPOt*  has  been  obtained  by 
the  oxidation  of  phosphamioe ;  but,  on  the  other  hand,  phos^hamine 
is  readily  obtainable  by  deoxidating  hypophosphoroua  aad  with 
nascent  hydrogen  ;  while  by  oxidating  hypophosiihorous  acid,  phos- 
phorous and  phosphoric  acids  are  successively  produced.  Phosphorous 
acid  HgPOs,  results  from  the  slow  oxid  ttion,  and  phosphoric  acid 
II.PO,,  from  tlie  ra])id  oxidation  of  phosphamine.  Conversely,  phos- 
phamiue  may  lie  obtained  by  the  deoxidation  ol  each  of  the  two  lai>t' 
mentioned  acids.  Here  acain  then  is  a  series  of  naturally  associated 
and  matuaUy  convertiUe  oodles,  represented  by  the  simpfost  'poanble 
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ibnttokBy  bj  fimnole  which  do  not  ci|it«i>  any  specuktive  viev 
whatever,  but  merely  iodicate  the  induputable  fact  that  these  bodiei, 

or  their  representatives,  differ  from  one  another  in  composition,  by 
the  suGoeaiiva  increBMnts  of  one,  two,  three,  and  Sonr  oxygen 
atoms. 

Phosphoric  acid  HaPO*,  is  the  representative  on  the  phosphc)ru^^  series, 
of  stulphuric  acid  H^04,  on  the  sulphur  series,  and  of  perchloric  acid 
HCIO4,  on  the  chlorine  series ;  but  whereas  perchloric  acid  rontainii  only 
OMitaB  hydNgei^andoaiiiMma^f  iMBdM  «fa^  ethaia; 
whereas,  sulphmie  Mid  contaiPB  cnly  two  atoms  of  hydrogen,  and  cao 
tarm  onW  two  daises  of  salts  and  ethers ;  phosphoric  acid  contains  three 
atoms  of  hydrogen,  and  can  fi>nn  three  classes  of  salts  and  ethers. 
One-third,  two-thirds,  or  three>thirds  of  its  hydrogen  may  be  displaced 
by  a  metal  or  basic  radicle,  or  the  hydrojiren  m^y  be  partly  or  wholly 
displaced  by  two  or  throo  different  metals,  or  bv  two  or  three  different 
radicles,  or  by  a  mixture  of  metals  and  radicles,  thus :  Jb^tKCuPOo 
or  II(]S'H4)NaP04,  &c. 

There  is  yet  another  primary  hydride  to  be  considered,  namely, 
that  of  silicon,  the  siliciuretted  hydrogen  of  Wohler.  The  composition 
of  this  body  has  not  been  asoertained.  It  has  been  ascertained,  how^ 
erer,  that  llie  substance  from  which  it  is  obtained  by  the  action  of 
chlorhydnc  acid,  is  a  silicide  of  magnesium^  represented  by  the  ia^ 
mula  Mg^Si,  whence  the  formula  of  siliciuretted  hydrogen  is  assumed 
to  be  H«Si,  analogous  to  that  of  marsh  gas  H4C,  a  conclusion  strongly 
confirmed  by  the  composition  of  chloride  of  silicon,  which  is  un- 
doubtedly Cl4Si,  that  is,  a  chloro-representative  of  sihciurretted 
hydrogen.  Each  primary  hydride,  hitherto  considered,  has  yielded  a 
remarkably  stable  acid,  formed  by  the  addition  of  four  atoms  of 
oxygen  to  the  hydride ;  and  hydride  of  ^iiicuu  ought  to  behave  in  the 
same  manner,  thns : 

Chlorhydric  acid  H  CI  H  CIO*  Perchloric  acid. 

Sulphydric  acid  H,  S  Hg  S  O4  Sulphuric  acid. 

Phosph amine  H,  P  H.  P  O4  Phosphoric  acid. 

Hydride  of  Silicon  H4  Si  H4  SiO«  Silicic  acid. 

Now  whether  or  not  H^SIOa  is  tiie  correct  foramla  for  iilide  add,  it 
is  certain  that  the  great  migorilT  of  simple  and  well-defined  silicates 
may  be  refoned  to  that  lypCy  as  ulnstrated  in  the  table. 


OBTHOSUJCAnS. 


Li4  SiO* 


Silicate  of  litluum. 
Silicate  of  sodium* 
Silicate  of  calcium, 
01  ivine,  Chiysolite* 
Batrachite. 


Silicic  ether. 


Gl,  SiO* 
Ce*  Si04 
Fe«  Si04 


Phenakite. 
Cerite. 


Ca,Mg,  Si04 
Zn«  SiO« 


Wa.H,  Si04 


Ca«  Si04 


Zinc  glance. 


Fe^Mnt  SiO« 

Cu,lT,  Si04 
Al,Ca  Si04 
A].Mn  SiO« 


Eayelite. 
Knebelite. 

Dioptase. 

Anorthite. 

Kaipholite. 
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This  next  table  illustrates  the  general  relations  of  the  perchloric  salts 
and  ethers,  to  tlieir  sulphuric,  phosphoric,  and  silicic  analogues.  The 
existence  of  the  sUicated  compounds  corresponding  to  iormuiee  ia 
italics,  has  not  yet  been  established. 


Acids,  Salts,  and  ii^THsas. 

Hci|Hcio.{£»gg; 

H  c  n  iNa^S  04lNa  H  S  O4 
^•^^♦tEteSOjEt  HSO4 

\ux>n  Na.H  P  OJNa  H.P  O4 

I  ^•^      Eta  P  O,  Et,  H  P  O4 1  Et  H,P  O, 


^^^^*|Et.SiO, 


Na^HSi  O, 
EtHSiO^ 


NaH^i  O4 
EtHJSiO^ 


Coiwiderisg  the  lelatSons  of  ammonia  and  phoiplioiettod  hydrogen, 
H,N  and  H»P  respectively,  and  the  relations  of  marsh  gas,  and  sili* 
duretted  hydrogen,  H4C  and  H^Si  respectively,  there  should  extet 

nitmtps  and  carbonates  having  the  general  formulae  MgNO*  and 
M4CO4  respectively,  corresponding  to  ordinary  phosphates  and  silicates 
having  the  general  fonnuke  M»P04  and  M^Si  O4  respectively.  It  is 
observable,  however,  that  in  addition  to  ordinary  phosphates  and 
silicates,  there  are  other  phosphates  and  silicates,  known  respectively 
as  metaphosphates  and  metasilicates,  which  differ  from  tlie  ordinary 
■alts  by  the  loea  of  an  atom  of  base,  and  that  it  is  these  metasalts  to 
whidi  ordinary  nitrates  and  carbonates  oorrespond,  thns ; 

Phosphate   M.P04-MaO  =  M  P  O,  Metaj^phate. 

MNOa  Nitrate. 

Silicate      M4Si04— MtO  =  ]^r,Si08  Metasilicate. 

M,C  Os  Carbonate. 

Tiiit  chemists  nre  acquainted  with  a  considerable  number  of  car- 
boiiatf  s  and  nit  rates,  which  may  be  called  orthocarbonates  and 
orthonitrat"  s  rt's])octively,  that  do  correspond  in  their  forxuulse  with 
ordinary  silicates  and  phosphates,  as  shown  iu  the  table. 


O&THOCABBONATBS* 

Ca«  CO4  Bicarbonate  of  caldtmiu 

Zn4  CO4  Bicarbonate  of  cinG. 

Mgall  CO4  Bicarbonate  of  magnedtim. 

Pb,  CO4  Bicarbonate  of  lead. 

Pb,HC04  White  lead. 

Cu^  CO4  Mysorine. 

Cu,H  CO4  Azurite. 

Bi"'H  CO4  JJicarbouate  of  bismuth. 
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OBEHomrmAXBs* 

FNO!  ofbiBiauth. 

* 

The  mcoeeding  tables  present  lists  of  the  priDcipal  ter-oxygen  and 
tetn*oxygen  mineral  acids.  Soma  of  these  adds  are  known  cmly 
through  the  medium  of  their  metal-  and  ethyl-repreeentativea. 


Teb-Oxtqen  Acids. 


Chloric  •  •  . 

Bromic  •  •  . 

Iodic.     •  •  . 

Nitric    .  .  . 
Metapliosphoric 

Sulphurous 

Selenious   .  . 

Tellurous  • 

Carbonic    •  . 

Metanlieic  •  • 

Titanic  •  .  • 

Stannic  •  •  • 

Vanadoiu  •  • 

PnotphoTons  • 

Arseniona  «  . 

Antimonous  . 

Bismithoos  • 

Boracic  .  •  . 

Aluminous  .  • 


H  CIO, 
H  BrO, 
H  I  O. 
H  N  O. 
H  P  O, 

ILS  O, 

H,T  03 
II.  C  O, 
H,  Si  O, 
H,TiO, 
II,  Sn  O, 
H.V.O, 

H,P  O, 

H3ASO, 
H.SbO, 
H3  Bi  O, 
H.B  O, 
H,A1,0. 


TsTBA-OzroiH  Acm. 


Perchloric  • 
Periodic  .  , 
Permanganic 

Sulphuric 
Seleuic  • 
TeUuric  . 
Oxalic .  , 
Molybdic 
\'auadic  . 
Tungstic . 
Chromic  • 
Manganic 
Ferric.  • 

Orthonitrto 

Phosphoric 
Arsenic  . 
Antimonic 

Orthocarbottic 
Silicic.  .  . 


H  CI  0/ 
IT  T  O4 
II  Mii.O^ 

II.  S  O4 
H.Se  0« 
II.  T  O, 
H.C,  O4 

IT,  Mo^O, 

II.  W.  O4 
H.  Cr,  O, 
H.Mn.04 
H«Fe^04 

HsN  0« 
H.P  O, 

Ha  As  O, 

ILSb  o, 

H,C  O, 
H«Si  O4 


Hence  the  formula  H,  H,  0_.  will  represent  the  general  type  for 
an  acid,  where  II,  represents  tlic  atoms  oi  hydrogen,  which,  save  in 
carbon  compounds,  are  found  to  vary  only  from  1  to  4 ;  where 
Ry  represents  the  acid  radicle,  that  is  the  chlorine,  or  sulphur,  or 
phosphorus,  or  carbon,  Ac.  which  gives  the  special  character  to  the 
acid,  and  which,  save  in  carbon  compounds,  is  usually  confined  to  1  or 
2  elementary  atoms ;  and  where  O.  represents  the  atoms  of  oo^gen 
which  genenlly  range  firom  0  to  4,  but  occasionally  eirtend  to  higher 
nnmben. 

[w.  0.3 
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GEJSEEAL  MONTHLY  MEETING^ 

Monday,  April  2, 18Ga 

WiLUAM  Pole,  Esq.  M«  A.  F.R.S.  Treasurer  and  Vioe-Pieiideot, 

in  the  Chair. 

George  Bowdler  Bnckton,  Esq.  F.L.S.  F.C.S« 

Ajflhur  Cohen,  Eifq.  B^.  and 
John  Wyatt,  Esq. 

were  duly  elected  Members  of  the  Royal  Institution. 

Stephen  Busk,  Esq.  and 
John  Charles  Salt,  Esq. 

were  admUled  Members  pf  the  Royal  Institution, 

The  Special  i  iianka  of  the  Members  were  returned  to  M.  Rolland, 
the  French  Minister  of  Public  lustruction,  for  his  Present,  on  belialf 
of  the  French  GoTemment,  of  the  following  Forty-nine  Yolunies : — 

DOCCMENTS  INEDITS  SUB  L'HlSTOIBE  DE  FuANCE  : 

Uistoire  de  lr\  Gnerre  de  Navarre  en  1276  et  1277»  par  OluUaam«  Aoelier  de 

Toulouse.    ^A.  Michel.    4tu.  1856. 
Becueils  iles  Monumcuts  ds  I'Hittoirs  da  Tiers  Etat.  (BsgisD  da  Nori.)  IBd. 

Aug.  Thierry.    Vols.  1,2, 3.   4to.  1850-6. 

Mvlaripos  Hlstoriquf^!?.    Ed.  C'liampoUlon-FijrL'tc     ^'^l1<?       4.    4tO.  1847 
LeUres  des  llois,  Keioes,  &c.  de  France  et  d'Ao^ieterre.   Ed.  Ghampolliau-Figeac. 

Vol.2.    (1301-1515.)    4to.  1847. 
Lettres  Missives  de  Henri  IV.   Ed.  Bergsr  ds  XIticj.   Veil.  4,  5,  6,  7.  (1598- 

IGIO.)    4to.  1S48-58. 

Correspoudaiice  Administrative  sous  le  Regne  de  L«ouis  XIV.   £d.  Q.  B.  Deppii^. 

Vol.  1,2,  3,  4.    4tO.  1851-5. 
Papiers  d'Etat  de  Cardual  de  Onunrslle.  Ed.  Ch.  WsSm.  Vols.  7,  8, 9.  (1868*^6.) 

4to.  18.')()-52. 

Lettres  de  Cardinal  de  Eiclieltea.    Ed.  Aveoel.     Vols.  1,  2,  3.  (1608-^) 
4to.  1888-8. 

Chroniqne  do  Religieaz  de  8t  Deoys.  (1880-14880  Ed*  BeUsgost.  Vol.  6« 

4to.  isr)2. 

Meuioires  de  Claude  Hat4>u.    Ed.  F.  Bourquelot.    2  vols.    4to.  1857. 
M«noif«a  BTiUlaim  relatifrik  la  SneoMrion  d'Eqisgns.  Vols.  7  (et  Atlss)t8, 9^  10. 

4t0.  1848-59. 

Li  Llvres  dc  Jostice  et  dc  Plet.    Ed.  P.  Chabaille.    4to.  1850. 

LesOlim:  ou  R«gistres  des  Arrets  rendos  par  la  Coor  du  £oi.  (1313-18.)  Ed. 

BeugQot.   Vol.3.  Partie2.    4to.  1848. 
Pree^BdesTempUen.  Ed.  Michdet.  VoL8.  4to.  1851. 

la  Couranne  de  Fisnoe  par  le  Saint-Si^gs.  (1884-1688.) 
E£  a.  Tardtf.   4to.  1855. 
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N^tiatiooi  de  U  Fnnoe  tTM  la  Tomum.  Ed.  A.  Det  Jardini.  VoL  I.  Ato, 

1849. 

N^gotiatioiisdeUFniioedaMleLevBiit  Ed.Chairiiref.  Volt.  1,  2,  3.  (l515-«).) 
1848-^. 

CSartalaire  de  Notre-Dame  de  Paris.   Ed.  Gu^rard.   4  vol.   4to.    1 85Q-7. 
Cartnlaire  de  1' Abteye  de  St.  Victor  de  MMwiUe.  Bd.  Qo^nid.  S  toIs.  4Io. 
1857. 

GirtDlainedeS^vigiqretd'AiDaT.  Ed. A. Benitrd.  S'vob.  4to.  1858-6. 

ftrfV'"*      I'Ahhayada  Banlian^  lAmnn^n.    Ed.  IMoche.    410.  1859. 

AiehifwdeBlieiiiia.  Ed.P.VAriB.  VoLS^FtetieS.  yoii.8,8.  4lo  1848-58. 

Jean  Fdagrave:  Eclairclssement  de  la  I^ngne  Fran9aiee  (1680);  auTiede  k 
QnmnuavedeGileidaUiiei.  Ed.F.  Geoio.  4to.  1858. 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thaoks  of  the  Members  returned,  for  the  same :  viz. 

From 

Board  of  Trade  {through  Admiral  H<zroy)— Fourth  Number  of  the  Meteorol(^;ical 

Fspere.  4to.  1860. 
Stcretary  for  /m/ta— BomlMj  Miguetieal  and  MeleoiolQgioal  Obsenrations  l»r 

1857.    4to.  1858. 

CUoiual  Secretarjf  of  New  Zealand— Th.  Uochstetter's  Lecture  oo  the  Geology  of 
fhePkovinoe  of  Nelson.  lU.  1859. 

Aj/iUt  Society  o/*— Journal  for  March  1860.  8to. 

AMtaiie  Soemtv,  i^oya/— J oamal.  Vol.  XVTI.  Part  2.   8vo.  I860. 

Arircmomical  Society ,  Royal — Prooeedings,  No.  4.    8vo.  1860. 

Bombay  Medical  and  rhvakal  Socidu — ^TraosactioDS,  New  Series,  No.  4.  8vo.  1859. 

HooMy,  itf«m.  {iha  Pvbluher8)—Thii  Morical  World  for  March  1860.  4lo. 

Bo{field,  Beriah,  Esq.  M.P.  F.R.S.  3/./?./.— Passages  from  the  Diaiy  of  Genenl 

Patrick  Gordon,  of  Auchleuchries.  (AD.  1635-99.)    4to.  1859. 
Brodie,  Sir  B.  C.  Bart.  Pres.  U.S.  M.R.I.  {the  Author)— htciuKA  on  Pathology 
and  Surgery.  8vo.  1846. 
PathoIogiealand8iiigioalObsemttioiisonDisesMof ^  BIhed.  8fa 

1850. 

Lectures  on  the  Diseases  of  the  Urinary  Organs.    4th  ed.    8vo.  1849. 
Chemeal  flbcM^y— Journal,  No.  48.  8m  1860. 

CbtU  Engineer*,  InMituU  c/*— Minutes  of  Proeeedingl^  Vols.  7,  B,  10,  11, 19»  18^ 

14,  15,  16,  17.    8vo.  1848-58. 
jB^iftlora— Artizan,  for  March  I860  .  4to. 
Athfluram  for  March  1860.  4lo. 
Engineer  for  March  1860.  fol. 
Ilorological  Journal,  No.  19.    8vo.  i860. 
Journal  of  Gas- Lighting  for  March  1860.  4to. 
Mechanic^  Magazine  for  March  1860.  8vo. 
Medical  Circular  for  March  1860.  8vo. 
Practical  Mechanics'  Journal  for  March  1860.  4to. 
Everejit,  Col.  G.  F.R.S.  M.R.I. — Rectification  of  Logarithmic  Errors  in  the 

Measurement  of  Two  Sections  of  the  Meridional  Arc    India.   8to.  1860. 
Faraday,  Professor,  D.  CL,  Kfiniglkihe  PiensriseboB  Akadirmie,  Beridileb 

Jan.  1860.  8vo. 

Forrester^  J.  J.  Eaq.  MJt.I.  (the  Author)— Ou  Port  Wine.    8vo.  1860. 
Franhlin  Institute  <f  Pennsylvania— Jouraalt  YoL  XXXIX.  NoB.  1,  8.  8vo.  I860. 

Geolo<jical  Institute  of  Vienna — Jahrbuch,  1859.    No.  3.  4to. 
Genqraphical  Society,  Royal — Proceedings,  Vol.  IV.    No.  1.    8vo.  1860. 
GoodchUd,  Thoe.  Esq.  {the  Author) — Description  of  his  Trocheidoscope.  16to.  I860, 
QramUh,A.  B.  MiD.  F.R.S.  M.R.I. —The  Mineral  Springs  of  Vichy.  8to.  1859. 
Cfroombridge,  Mem.  {the  Publishers) -S.  J.  Mackic  :  First  Traoes of  Lifo  on  the 
Baith;  or  the  Fonilfor  the  Bottom  Rocks.   16to.  1860. 
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Balls,  Jokm  James,  Esq, {the  Author)— Two  Months  iu  Arrah»  in  1857.  16to.  I960. 
Hmmm  Sod«lr--ProeeediDg8.  Supplement  to  Botany,  Vol.  IV.  1860. 
MackU,  5.  «r.         FM.S.  (the  Editor)— The  Geologist,  March,  1860. 
Neirfrm,  MfinsTM. — London  Joarnal  ''New  Series),  for  5larch  18C0.  8vo. 
North.  John,  £sq.  Af.B.I.-^hacsax  s  Pharsalia,  bj  N.  Rowe.   fol.  1718. 
NtttUo,  Mr.  (Oc  PnUuAcrV-The  Miuieftl  TimM  tot  Bfaroh  1860.  4to. 
Petrrmaun^  A,  Esq.  {(he  2v/iVar)— Mittheilungen  anf  dem  GeMinmtg^biett  dcf 

Geographic.    18C0.    Heft  2,  3.    4to.    Gotha,  1860. 
Photographic  Socieiif — Journal,  No.  95.    8to.  I860, 

iSflfdi  Spctcfy.— DewriptiTe  Catal<)guc  oT  the  Foctfaiti  in  the  poMmlon  of  llie 

Royal  Society,  hy  C.  R.  WeM.    Svo.  1860. 
Siurzt  J.  J.  EMj.  {the  Author)— On  Emigration  to  Canada.    Svo,  1860. 
Statistical  Soci«/jy— Journal,  Vol.  XXIII.  Part  1.   8to.  1860, 
Vtrnms  zur  B^fMenau  dm  QeueriifMmtg  in  Prwnt»  TerbawdlwBgen,  Nov.  nad 

Dm.  1858,  4tlN 


WEEKLY  EVENING  MEETING, 

Friday,  April  20,  1S60. 

Sta  Henrt  Holland,  Bast.  M.D.  F,R.S,  Vice-President, 

in  the  Chair. 

T.  Smcn  Cobbold,  M.D.  F.U3. 
On  the  *Scope  cmd  Tendency  oj  the  Naiural  ffisiaiy  Scieiwes, 

[Dr.  CoBBoM),  in  consequence  of  UIdcss,  wa^  prevented  firom  giving 

an  abstract  of  his  discourse.] 


WEEKLY  EVENING  MEETING, 

Friday,  April  27,  1860. 

Colonel  Fuiup  Jaj^es  Yohkp.  F.E.S.  Vice-President, 

in  the  Chair. 

F,  A.  Abel,  Esq. 
prftBcroK  or  xhs  oibmicju.  establisbmsxt  of  xhb  war  depajitmekt. 

On  reemU  Appiieations  of  Seimce,  in  reference  to  the  EffiekHe^  and 

Welf  are  qf  Military  Forces, 

Some  introductory  remarks  were  offered  illustrative  of  the  very 
Dumeruuii  anti  mipurtant  improvements  which  had  taken  place  within 
the  last  few  yean  in  almoel  everything  coimected  with  the  efficiency, 
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comfort,  and  general  welfare  of  the  soldier,  and  which  had  been 
effected  by  the  succetisful  adaptations  made,  from  time  to  time,  of  dia- 
coveries  and  improvement  in  applied  sciences. 

The  general  introduction  of  ntied  small-arms  ;  tlie  great  perfection 
and  saving  of  cost  attained  in  the  manufacture  of  all  implements  of 
war;  the  employment  of  electric  telegraphs  in  the  field,  may  be 
quoted  as  examples  of  important  resulta  completely  or  partially 
attained  even  during  the  late  war. 

One  of  the  most  important  subjects  in  connection  with  military 
equipment,  and  one  which  has  recently  received  a  very  large  share  of 
general  attention,  relates  to  the  changes  which  have  gradually  been 
effected  in  the  nature  of  iTiaterial,  and  the  principles  of  constructioOy 
applied  to  the  production  of  cannon. 

Until  very  recently  the  materials  used  for  cannon  have  been  only 
of  two  kinds  ;  cast  iron  and  bronze,  or  rather  the  alloy  of  copper  and 
tin,  known  as  gun-metal. 

Of  these,  the  latter  is  by  far  the  moet  andent  Guns  were  cast  of 
bronze  in  France  and  Germany  about  1370,  and  from  that  period  untO 
the  close  of  the  15th  centufy,  this  material  gradually  replaced  wrought 
iron,  of  which  guns  were  constructed  in  the  first  instance.  An  ex- 
amination of  such  iron  puns,  of  early  date,  as  are  still  in  existence 
(sue  li  as  the  Alons  IMeg,  of  Scotland,  the  great  gim  of  Ghent,  and 
others),  shows  that  the  jirincij^les  involved  in  tlieir  general  construc- 
tion are  precisely  those  which  have  just  been  most  successfully  applied 
to  the  production  of  wrought  iron  ritied  guns  in  this  country.  Those 
andent  gone  were  built  up  of  Btave-ban  artanged  longitudinally,  upon 
which  wrought  iron  rings  were  shrunic.  The  veiy  imperfect  nature  of 
those  structures,  arising  from  the  primitive  condition  of  mechanical 
and  metallurgic  appliances  at  that  early  period,  rendered  their  dura- 
bility exceedingly  uncertain  ;  and  it  is  therefore  not  surprising  to  find 
that  TAmpound  guns  of  this  cluss  were  gradually  replaced  by  cannon 
cast  in  one  piece.  Kven  the  great  expense  of  bronze,  as  compared 
with  iron,  was  counterbalanced  by  the  vast  amount  of  time  and  labour 
\vliich  nmst  liave  been  bestowed  on  the  construction  of  the  old  wrought- 
iron  guns. 

Although  cast  iron  was  applied  to  the  production  of  shot  and  other 
projectiles  at  the  close  of  the  14th  century,  it  was  not  until  about  1660 
that  cannon  were  made  of  this  material.  In  proportion  as  the  fadlity 

of  its  production  increased,  its  application  in  this  direction  w;is 
gradually  extended  ;  but  in  no  country  has  it  ever  entirely  superseded 

bronze  or  gun-m-jtal,  wliich,  on  account  of  its  superior  tenacity,  has 
always  been  employed  for  tlie  construction  of  light  field-gnn?.  This 
alloy  possesses,  however,  some  very  serious  detects,  arising  principally 
out  of  its  softness  and  its  consequent  incapacity  to  resist  the  injurious 
effects  of  rapid  tiring.  jN  uuierous  experiments  have  been  made  witii 
alloys  of  copper,  and,  recently,  with  other  combinations  of  that  metal, 
with  the  olgect  of  discovering  some  material,  at  least  equal  to  gun- 
metal  in  tenapity,  and  superior  to  it  in  hardness  and  also  in  uniformity. 
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Alloys  of  copier  and  aluminium  have  been  proposed  ;  but,  apart  from 
iiv  present  great  cost  of  aluminium,  the  readiness  with  whicli  this 
meiai  is  attacked  by  alkaline  substances,  and  the  powerful  corrosive 
action  which  portions  of  the  j)r()(lucts  of  decomposition  of  powder  con- 
sequently exert  upon  it,  preclude  its  applicuiiou  to  the  product  ion  of 
a  BQbstitute  for  gun-metal.  The  effect  of  silicon  in  hardening  and 
gvwtly  ineraasbg  the  teoadty  of  copper  has  also  reoeiTed  attention ; 
and  there  appean  little  doabt  that,  ue  diffienltr  of  produeiiig  on  a 
large  acale  an  unifomi  compound  of  eopper  and  suicon  onoe  overoome, 
toA  a  material  would  prove  a  most  valuable  subatitote  fiir  bronze. 
The  effects  of  a  small  quantity  of  phosphorus  upon  copper  are  similar 
to  those  of  silicon  ;  the  metal  is  greatly  hardened,  its  uniformity  may 
be  ensured,  and  its  renacity  is  also  much  increased.  Copper  containing 
from  two  to  four  jier  cent,  of  phosphorus  will  resist  a  strain  of  from 
48.()(K)  to  50,000  iioiiiids  on  the  square  incii,  while  the  average  strain 
boiiie  by  gun-metal  is  about  3o,000  pounds.  Uniform  compounds  of 
phosphorus  and  copper  can,  moreover,  be  prepared  without  difficulty 
upon  •  laxge  wale.  By  immefsing  pieces  of  phosphorus  Ibr  a  short 
tune  in  a  solution  of  sulphate  of  copper  they  become  coated  with  a 
film  of  the  metal,  so  that  they  may  be  safely  handled,  and  thrust 
beneath  the  surfece  of  liquid  copper  before  the  coating  melts ;  thusi 
die  phosphoms  is  readily  combined  with  the  copper  without  loss. 

The  jjreat  success  which  has  recentlv  attended  the  ro:i^truction  of 
malleable  iron  pnis,  appears,  however,  to  render  it  doubtful  wliethcr  any 
of  the  compounds  above  referred  to,  or  others  of  a  similar  character, 
will  ever  receive  employment  as  materials  for  cannon.  Attempts  have 
been  made  from  time  to  time,  for  many  years  past,  to  produce  forgings 
ef  malleable  iron  of  suffident  siie  for  conTersion  into  cannon.  The 
great  difficulty  of  ensuring  anything  approaclung  unifonniW  of 
diemical  composition  and  physical  properties  in  cast  iron,  and  the 
consequent  great  variation  and  uncertainty  of  the  enduring  power  of 
guns  made  of  that  material,  acted  as  powerful  incentives  for  the  prose- 
cution of  such  experiments.  Experience  gained  during  the  recent  war 
was  also  unfavourable,  partly  to  the  employment  of  cast  iron  as  the 
material  for  the  heaviest  pieces  of  ordnance,  and  partly  to  the  system 
of  casting  these  hitherto  in  use.  An  injportant  series  of  experiments 
recently  carried  on  under  the  United  States*  Government,  with  refer- 
ence to  the  application  of  cast  iron  for  the  production  of  cannon,  had 
furnished  many  valuable  results ;  and  tlie  continuation  of  these  experi* 
ments  and  enquiries,  both  in  America  and  in  this  country,  appeared  to 
promise  considerable  improvements  in  the  general  quality  and  nni- 
fimnity  of  cast-iron  cannon.  Meanwhile,  however,  the  importance  of 
securing,  without  loss  of  time,  more  uniformly  durable  guns,  to  which 
the  principle  of  rifling  could  be  applied  with  greater  sectirity  than  to 
ca^it  iron,  hccaiiie  an  additional  inducement  for  the  renewal  of  experi- 
ments with  the  view  of  producing  wrought  iron  cannon  of  large  • 
calibre. 

The  attempts  made  by  Nasmyth  and  others  to  produce  large 
Vol.  hi.    (No.  32.)  s 
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forgings,  sufficientlv  perfect  for  eoBTemon  into  cannon,  were^  bowmr, 
unifomly  attended  with  failure,  excepting  in  the  instniice  of  a  very 
large  gun  (13  in.  calibre),  constructed  at  the  Mersey  Company works, 
which  hiis  successfully  withstood  some  severe  trials,  though  eve  n  this 
gun  is  not  a  perfectly  sound  forging  throughout.  This  want  v(  suc- 
ceas  is  ascribed  partly  to  the  difficulty  of  ensuring  jjerfect  weids 
tiiroughout  a  very  large  forging,  and  partly  to  a  change  which  is 
gradually  effected  in  the  physical  structure  ol  the  metal,  by  its  repealed 
exposure  to  a  high  temperature,  and  possibly  also,  in  some  measure,  by 
its  frequent  subjection  to  powerlhl  coneofldon.  In  laige  nume$  of 
wrought  iron,  whkfa  have  been  built  np  by  welding,  the  fibrnw  ttmo- 
tnre  of  tbe  metal  is  always  found  to  have  paamf  over^  mora  or  lev 
perfectly,  into  a  Uitnellar  structure,  and  the  strength  of  the  mass  thus 
becomes  \  cry  considerably  diminished* 

While  unsiiooessfol  attempts  to  oonstruot  cannon  of  large  masses  of 
malleable  iron  were  still  in  progress,  Mr.  Mallet,  Captain  Blakeley, 
and  others,  who  had  given  the  subject  of  the  oonstnietion  of  rnnnon 
of  large  size  their  serious  attention,  and  had  ujiplied  mathematical 
reasoning  to  its  elucidation,  had  arrived  at  the  conclusion  that  the  true 
system  to  be  followed  was  that  of  constructing  cannon  of  several  parts, 
combined  in  sucli  a  manner  as  to  render  every  portion  of  the  metal 
available  in  resisting,  by  its  tenacity  and  elasticity,  the  strain  exerted 
upon  the  gun  by  the  explosion  of  powder.  The  method  of  oonstradien 
proposed  by  those  gentlemen  consisted  in  preparing,  in  the  llist  in* 
stance,  t^linders  (or  rings,  to  he  alterwafds  bnoed  toffether),  and  in 
shrinking  upon  these,  other  rings,  of  wliich  the  internal  diameter  was 
somewhat  less  than  the  external  diameter  of  tlie  first  rings  or  the 
cylinder*  The  latter  are  thus  placed  in  a  state  of  compresrioo,  while 
the  external  rings  are  in  a  state  of  tension.  Other  rings  are  agnin 
shrunk  upon  the  outer  ones,  according  to  the  size  of  the  gun  and  the 
strain  m  Inch  it  has  to  bear.  In  this  way,  the  whole  of  the  metal  oom- 
posipfT  a  heavy  gun  or  mortar  is  arranged  in  a  eoiuiition  mo«?t  favour- 
able to  the  effectual  resistance  of  a  sudden  strain  applied  from  tli© 
interior.  A  gun  constructed  on  this  plan,  by  Captain  Ijlakeley,  has 
exhibited  very  great  eiiduring  powers.  Two  enormous  mortars  have 
also  been  constructed  by  Mr.  Mallet  on  the  same  principle ;  and, 
although  the  trials  with  one  of  these  were  only  partially  sttocessfol, 
the  correctness  of  the  principles  above  referred  to  were  in  no  way  im- 
pugned by  the  resnlts  obtained.* 

The  methods  adopted  ibr  the  production  of  the  beautiful  rifle-gun 
invented  by  Sir  W«  Armstrong,  which  is  rapidly  rephusing  the  old 


*  In  referring  to  cnmo  photographic  illnstration?^  of  the  construction  of  Mallet** 
mortar,  allusioD  was  made  to  the  veiy  numerous  applications  which  the  photo- 
graphic  art  now  veered  to  military  purposes ;  being  not  only  emidoyed  ai  the 
Best  means  of  recording  the  resalti  of  experiments,  but  also  furnishing  the  moit 

ready  and  effuctive  method  of  communicating  to  military  authoiltips  at  a  ilistance 
any  changes  introduced  in  the  nature  aud  arrangements  of  military  e<iuipment&,  ur 
of  giving  tnstniction  in  points  of  drill,  &c. 
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bronze  field  g^ns,  afford  an  interesting  illustration  of  the  application 
of  the  above  system  to  the  construction  of  y^ry  light  and  durable 
cannon.  This  giin  consists  essentially  ol  rings,  partly  welded  together 
s<>  as  to  produce  a  cylinder  or  barrel  of  siifiicieut  length,  and  partly 
shrunk  one  u]>on  another,  so  as  to  impart  the  requisite  strength  to  the 
strucLiLre.  The  rings  themselves  are  from  two  to  three  ieet  in  lengtbi 
and  «e  temed  oat  of  long  bars,  which  are  coiled  up,  when  at  a  i«d 
lMit»  ioto  apin]  tubei»  and  aftenranb  welded  into  aolid  rings  or  tubes» 
by  a  lew  btowa  from  the  ateam-hammery  applied  to  one  end  of  the 
heated  coil,  while  in  a  vertieBl  position,  ^e  ringa  are  united,  to 
fonn  the  barrel  of  the  gon,  by  ndaing  to  a  welding  heat  the  cloeely 
proximate  extremities  of  two  rings,  placed  end  to  end,  and  then  ap- 
plying a  powerful  pressure  to  the  cold  ends  of  the  rings.  In  the  large 
gxms,  a  second  layer  of  rings  is  shrunk  on  to  the  tirst  set,  or  barrel, 
throughout  the  length;  but  in  the  smaller  guns,  it  is  only  behind  the 
trunnions  that  two  additional  rings  are  shrunk  on,  one  over  the  other. 
The  outer  ring  is  exactly  like  tliose  alr^uly  described  \  but  the  inter- 
mediate one  is  prepared  by  bending  two  iron  slabs  into  a  semi-cylindri- 
cal Ibrm,  and  then  welding  them  tomther  at  the  edges.  In  this  way, 
a  cylinder  is  obtained  in  which  the  fibre  of  the  iron  is  arranged  longi* 
tndinally  instead  of  transvenely,  as  in  the  other  rings.  This  arrange* 
ment  is  adopted,  because  tliat  part  of  the  gon  lias  to  sustain  the  prin* 
cipal  force  of  the  tlirust  upon  the  breech,  on  the  diseharpe.  It  is  into 
thU  portion  that  tlie  breech-screw  (made  of  steel)  tits,  by  meaiis  of 
which  a  raovealile  jjlng  of  steel,  ])rovided  with  a  soft  copper  washer, 
is  pressed  nj)  aL':ainst  the  end  of  the  barrel,  when  the  gun  has  been 
loaded.  Tiie  hreech-screw  being  hollow,  tlie  charge  is  introduced 
through  it  into  the  gun,  on  the  removal  of  the  plug. 

This  gun,  built  up  of  so  many  pieces  aocurately  wdded  and  turned 
and  fitted,  with  its  30  or  40  grooves,  its  neat  lever-artangement  for 
woffking  the  breeeii-eorew,  its  admirable  sights  Cor  giving  direction, 
and  various  other  ammgements,  contrived  so  as  to  render  it  a  most 
complete  and  perfect  weapon,  is  undoubtedly  very  costly  as  compared 
with  the  ordinary  cast-iron  pim.  Bat,  owing^  to  the  admirable  system 
of  manufacture  and  the  beautiful  mechanical  appliances  brought  to 
bear  upon  the  production  of  each  part,  the  original  cost  of  the  gun  hiuj 
already  been  ytry  much  diminished  ;  on  coni])aring  the  price  of  a 
12-pounder  gun  with  that  of  u  brouze  gun  of  the  same  calibre,  which 
it  has  sow  superseded,  the  latter  is  mnnd  to  be  about  doable  tlie 
expense.  The  prioe  of  iron  used  for  the  mannftctnre  of  the  Arm- 
stixmg  gon  is  £19  per  ton ;  it  is  tlie  best  description  of  malleable  imn, 
bearing  a  tensile  strain  of  about  74,000  poonds  on  the  square  inch. 
The  present  cost  of  a  12-pounder  gun  (weighing  8  cwt.)  is  about  £93. 
The  value  of  gun-metal  is  about  ^125  per  ton  ;  and  the  cost  of  a 
12-pounder  gun  of  this  material  (weighing  19  cwt.)  is  £175.  lOvV. 
Of  the  latter,  it  naay  be  said,  that  when  no  longer  serviceable  it  may  be 
re-cast,  while  an  old  A  rmstrong  guj»  cannoi  be  re-converted  into  a 
new  one.    But,  on  the  other  hand,  the  average  number  of  rounds 
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ivhich  can  be  iired  from  the  old  guu  before  it  is  uuserviceable,  scarcely 
exceeds  1000,  while  the  limit  Co  the  powers  of  endunnee  of  the 
Annetroug  gun  is  not  yet  knowD,  Between  5000  end  600Q  rounds 
hare  been  fired  from  one^  without  any  vital  iigury  to  the  gun. 

While  these  important  results  have  been  obtained  with  guns  of 
wrought  iron,  built  up  of  rings,  others,  icaicely  less  valuable,  have 
attended  the  application  of  materials,  varying  in  their  nature  between 
steel  and  malletible  iron,  to  the  production  of  light  guns,  cast  in  one 
piece.    M.  Krupp,  of  f^en,  was  the  first  to  produce  masses  of  cast 
steel  of  sufficient  size  for  conversion  iuto  cannon.    A  12-pouiider  gun, 
cast  of  this  material,  was  experimented  upon  in  this  country  several 
years  ago,  and  exhibited  the  most  extraordinary  powers  of  endurance, 
having  withstood  the  lieaviest  proofii  without  bunting.   Similarly  good 
results  were  obtained  with  cast  steel  in  Fhmoe  and  Germany,  and  it  is 
now  applied  to  the  construction  of  the  rifled  field  guns  in  Prussia. 
A  cast  material,  somewhat  similar  in  character  to  this  steel  of  H* 
Krupp,  and  to  which  the  name  of  homogeneous  iron  has  been  given, 
has  recently  received  most  successful  applirntion  in  the  hntuls  of  Mr. 
Whitworth, not  only  to  the  production  of  the  barrels  for  liLs  i  iti( -sma]!- 
arins,  but  also  to  the  manufacture  of  his  beautiful  rifle-on nuon.  liie 
BUialler  caiiuon  are  ea>it  in  one  piece,  and  then  forged  to  the  required 
form.    The  liea\  y  guu^  (80  and  100-pounders)  consist,  however,  of 
cylinders  of  homogeneous  iron — upon  which  hoops  of  fibrous  iron  are 
forced  by  hydraulic  pressure,  the  breech-portion  recdving  hoops  of 
puddled  steel.  The  small  Whitworth  guns  undoubtedly  poascw  the 
great  advantage  of  simplicity  of  construction  over  the  compound  guns 
just  described ;  but  the  present  great  expense  of  the  material  gives 
the  latter  the  advantage  in  point  of  cost.    There  can  be  little  doubt, 
however,  that  the  f;K:ilities  fur  obtaining  produfts  of  this  description 
will  increase  with  the  (ieinaiui  ;  and  there  appears  no  reason  why  the 
process  of  Mr.  Beisserner,  which  lias  recently  been  npplied  with  great 
success  to  the  conversion  of  iron  of  good  chemical  quality  into  excel- 
lent cast  steel,  upon  a  very  considerable  scale,  should  not  be  resorted 
to  fi»r  the  produetiooi  at  a  moderate  cost,  of  masses  of  cast  steel,  or  a 
material  of  a  similar  eharaeter,  of  sufficient  site  for  converuon  into 
cannon  of  all  sizes  but  those  of  the  heaviest  calibre,  which  it  will  per- 
haps always  be  found  most  advantageous  to  construct  of  several 
pieces,  upon  the  principles  just  now  referred  to. 

The  improvements  effected  in  the  construction  of  fire-arms  ha^  e 
rendered  indispensable  a  careful  revision  of  the  descriptions  of  ^gun- 
powder hitherto  iisfHl,  which  has  already  led  to  the  moditication  of 
several  important  jHiints  in  the  manufacture  of  powder,  whereby  a 
greater  uniformity  in  the  action  of  tlie  latter  is  ensured,  and  its  explo- 
sion is  regulated  with  special  regard  to  the  double  work  which  it  now 
hss  to  perform  in  the  greater  number  of  rifled  arms,  namely  that  of 
propelling  the  projectile,  and  of  expanding  it  into  the  grooves  of  the 
rifle. 

The  neoesrity  of  a^rdiog  assistance  to  the  removal  from  the  gun 
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'of  the  renlue  left  on  the  ducharge  of  powder,  the  empe  of  which  Is 
to  a  mat  extent  prerented  by  the  deitniction  of  windage  in  the  rifl^ 
gnn,  haa  led  to  the  introdnction  of  lubricating  material  whieh  are 
plaoed  in  the  gun,  together  with  the  charge  of  powder,  in  the  foxm  of 
plugs  or  wads  of  the  materials  only,  or  of  hemp,  or  sawdust,  saturated 
with  the  fatty  matter.  In  the  case  of  rifled  small-amis,  the  lubricant 
has  to  be  applied  to  the  exterior  of  that  ]M>rtion  of  the  cartridge-paper 
which  surrounds  the  bullets,  and  considerablf  ditliculty  was  experienced 
iu  the  first  instance,  in  the  selection  of  a  suitable  material  for  this  pur- 
pose. Talluw  wa^  iir^t  employed,  in  admixture  with  sufficient  bee^ax 
to  hardeu  it  somewhat,  aud  emible  it  to  resist  the  effects  of  warm 
climatea.  It  was  fiiuod,  however,  that  the  tallow,  penetrating  the 
;Kt])er,  soon  established  a  corronve  action  upon  the  surface  of  the  lead, 
wldch  proceeded  occasionally  to  such  an  extent  as  to  cover  the  bullet 
with  a  hard  coating  of  compounds  of  oxide  of  lead,  thus  increasing  its 
diameter  so  matiy  as  to  render  its  introduction  into  the  barrel  im- 
possible. Many  materials  were  tried,  as  substitutes  for  tallow,  whieh 
did  not  possess  a  tendency  to  promote  the  corrosion  of  lead,  and 
eventually  beeswax,  used  alone,  wa*^  found  T)ot  oidy  to  protect  the 
metal,  but  also  to  act  as  a  most  efticinil  lubricalur  in  small  anns,  ajid 
to  possess  great  permanence  iu  all  climates,  in  discoutiuuing  the  use 
of  tallow,  it  was  also  found  indiiipensable  to  avoid  the  use  of  any 
alterable  oils  as  lubricators  in  the  buUet-maldng  machines,  as  the  small 
film  of  oil  remaining  on  the  lead,  was  found  in  many  instances  suffi* 
eient  to  establish  a  rapid  corrosion  of  the  metal.  Such  an  oocurrenee 
is  now  avoided  by  the  use  as  lubricant  for  the  machines,  of  the  neutral 
and  permanent  oil  prepared  by  Price's  Candle  Company  from  Bangoon 
Ptlroleum. 

Considerable  attention  has  been  devoted  in  diti'erent  continental 
states,  during  the  last  tew  years,  to  the  application  of  the  dililient 
forms  of  electricity  to  the  discharge  of  mines.    The  many  serious  in- 
conveniences attending  the  employment  of  voltaic  batteries  for  that 
purpose  in  the  field  have  led  to  the  use,  with  considerable  success,  of  the 
'arrangements  contrived  by  Ruhrokorff  and  others  for  the  production  of 
powerful  electro*magnetic  currents.   Hie  application  of  the  induction^ 
coil  machine,  with  appropriate  fuse-arrangements  for  the  ignition  of  the 
mine  by  means  of  the  sparlL,  led  to  a  very  great  reduction  in  the  size 
of  the  battery  required  even  for  extensive  operations.    The  necessity, 
however,  of  still  usln^  a  battery,  and  the  p^reat  liability  to  injury  of 
the  induction-a|)paratiis,  have  n  nderi  d  ihe  advantage  to  be  attained  by 
their  einployment  somewhat  (^h  stioriable.    Tn  Austria,  very  importiint 
results  arti  said  to  have  been  obtained  by  the  employment  of  frictional 
in  the  place  of  voltaic  electricity.   A  very  portable  arrangement  of  a 
plate-eleetrie  machine,  with  Leyden  jars,  and  a  small  stove  to  proteet 
the  apparatus  from  dmnp,  has  been  employed  with  success  in  some  ex- 
tensive <iperation8,  as  many  as  one  hundred  charges  having  been  fired 
simultaneously  by  its  means.   Professor  Wheatstone  and  Mr.  Abe] 
have  carried  on  numerous  experiments  on  the  application  of  electricity 
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in  this  direction ;  and,  at  tbe  suggertioD  of  the  former,  sAtempti  were 
made  to  employ  the  dectridQr  obtained,  by  iodaetioDy  from  permaneiit 
magnela.  No  difficulty  was  experienced  in  ignitiog  a  single  cfaafge 
by  its  agency ;  but  it  was  found  that  the  ignition  of  more  than  one 
ehMge  conld  not  be  effected  with  certainty,  bjr  the  emptoyment  mm 
of  the  meet  powerful  magnets  and  the  uae  of  fiuea  containing  veiy 
sensitive  compo«ition8.  Eventually,  a  fuse-arrangement  was  contrived 
nnd  a  composition  prepared,  by  Mr.  Abel,  with  the  employment  of 
which  tlie  i«»;nition  of  several  mines  could  be  effected  with  certainty, 
by  means  ot  one  of  the  small  magnetic  arrangements  employed  by  Mr. 
Wbeatstone  in  his  portable  telegraphs  ;  imd  an  ingeijious  combinaUun 
of  several  such  magnets,  arranged  in  a  form  very  portable  and  readily 
worked  by  any  soldier,  can  be  applied  with  equal  certainty  to  the  dia* 
charge  of  a  considerable  numb^  of  mines.  The  great  elenwnt  of 
aocoess  in  the  foae-composition  employed,  is  to  be  found  in  the  ctrema- 
atance  tliat  it  combines  a  high  degree  of  scBsitiTeness  with  eonsideBaMe 
eonducting  power.  The  substitution  of  the  magnet  for  the  voltaic  and 
other  arrangsmenta  hitherto  used  will  greatly  facilitate  mining  opera* 
tions ;  tlie  soldier  requires  bttt  little  instruction  in  its  use  ;  with  ordinary 
care  it  is  not  liable  to  derangement ;  it  is  Teiy  transportable^  andreadj 
for  application  at  the  shortest  notice. 

In  connection  with  submarine  operations,  vulcanised  india-rubber 
bags  have  become  valuable  snbstitutes  for  the  wooden  and  metal  re- 
ceptacles hitherto  employed  lor  tlie  charges  of  innvder.  The  numeroujs 
appliciitions  which  india-rubber,  especially  in  its  vulcanised  form,  nuw 
receives  in  connection  witii  military  equipment,  render  it  a  most  indis- 
pensable material.  Thus,  it  iias  been  applied  to  the  preparatioD  of 
waterproof  linings  for  powdei^barrels^  waterproof  cases  for  cartrid^;e9y 
convenient  holdm  and  waterproof  coatings  for  percussion  caps ;  it  la 
used  in  the  form  of  springs  and  buffers  in  connection  with  gun-carriagea 
and  the  beds  of  heavy  mortars ;  ambuhince  waggons  are  supplied  with 
efficient  and  easily  appUcabie  springs  of  india-rubber  ;  and  one  of  tlie 
most  important  additions  recently  made  to  the  comfort  of  troops  has 
been  the  general  supply  to  them,  when  on  active  service^  of  watcorpioof 
clothing  and  covers,  to  be  used  in  camp. 

Tlie  protection  of  camp-erections  from  fire  has  also  received  atten- 
tion Willi  successful  results.  A  cheap  and  ready  mode  of  applying  a 
coating  of  insoluble  silicate  of  lime  and  soda  to  the  surfaces  of  camp- 
hutis,  whereby  very  important  protection  against  fire  is  attained,  received 
application  a  few  years  ago ;  and  quite  recently  a  method  has  been 
devised  by  Mr.  Absl  of  impregnating  tent'^doth  with  siHcates,  to  such  * 
an  extent  as  efleetoally  to  prevent  fire  from  spreading,  when  applied 
to  any  portion  of  it,  and  in  such  a  form  as  to  enable  them  to  resist  the 
solvent  effect  of  drenching  rains. 

The  application  of  soluble  silicates  to  the  preparation  of  v^ 
porous  artificial  stone  has  enabled  Mr.  Bansome  to  produce  portable 
filters,  by  the  aid  of  which  the  soldier  may  frequently  be  enabled  to 
partake  of  water,  which  otherwise  would  be  unfit  for  use*   A  still 
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more  efficient  portable  filter  is  now,  liowt  ver,  prepared  of  carbon  in 
a  porous  condition,  which  not  only  bujs  the  property  of  retaining 
the  mechaDical  impurities  of  water,  in  its  passage  tfaroujgb  it,  bat  also 
will  purify  it  to  a  very  oonildenJile  esttent  mm  usurious  oxganio 
matten  and  gases  which  it  may  ooataio. 

One  of  the  most  important  impfovemenls  which  have  yet  been  effected 
in  tlie  porification  of  water,  and  one  which  has  already  received  import- 
ant application  in  connection  with  the  military  sen-ice,  is  presented  in 
the  apparatus  contrived  by  Dr.  Nc^rmaudy  for  tlie  preparation  of  whole- 
some and  pleasant  water  from  sea  or  other  water  unfit  for  consumption. 
The  apparatus  consists,  in  the  first  instance,  of  a  great  improvement 
on  the  condf'iisiiifr  arrangement  contrived  by  Sir  T.  Grant,  which  has 
been  fur  ^ouie  time  used  in  the  navy.  The  heat  abstracted  from  the 
steam  first  consumed  is  applied  to  the  dbtiUation  of  a  second  similar 
quantity  of  water,  and  the  arrangement  employed  for  condensiug  this 
second  pfodnet  is  of  saeh  a  nature  as  to  ensure  a  vei^  gradnal  but 
continuous  replacement  of  the  condensing  water.  In  this  manner  the 
latter  becomes  sufficiently  heated,  before  it  passes  out  of  the  apparatus, 
to  part  with  the  gases  which  it  contains  in  solution,  and  which  are 
made  to  pass  mio  the  distilling  apparatus  and  mix  with  the  steam. 
The  condensed  product  is  thus  thoroughly  aerated  ;  it  is  then,  finally, 
made  to  pass  through  a  charcoal  filter,  which  completely  deprives  it  of 
the  disagreeable  empyreumatic  flavour  always  possessed  by  distilled 
water.  Independently  of  the  applications  which  this  apparatus  is 
reoeiviiig  to  the  supply  of  ships  witii  water,  it  has  proved  Taluable 
in  readuy  and  oonraiuously  produciog  large  quantities  of  wholesome 
water  for  the  supply  of  troops  at  stations  where  the  only  water  pro- 
curable was  unfit  tor  consumption. 

The  important  subject  of  the  economical  supply  of  weU<*cooked 
and  palatable  food  to  troops  in  barracks  and  on  active  service,  which 
had  i>eeu  considerably  neglected  previous  to  the  late  war,  lias  received 
great  attention  on  tlie  jiart  of  Captain  Grant,  and  the  results  of  his 
labours  in  this  direction  have  been  the  production  of  most  efficient 
cooking- ranges  for  barracks,  aud  equipments  lor  cooking  in  tlie  lu  ld. 
By  the  employment  of  the  range,  with  oven  attached,  which  has  bee  a 
contrived  by  him,  and  is  used  at  Aldershot,  Woolwich,  and  other 
military  stations,  the  cost  of  cooking  for  a  large  number  of  troops 
(800  to  1000  being  supplied  with  food  from  one  range)  has  been 
reduced  to  one  lialfpenny  per  man  per  week ;  and  by  further  improve- 
ments, which  Captain  Grant  is  just  carrying  out,  it  will  still  be 
subject  to  considerable  red  notion.  Tlio  food  is,  at  the  same  time, 
cooked  in  various  ways  by  means  of  the  oven  and  other  appli- 
ances. An  arrangement  hai*  been  devised  by  Captain  Grant,  and 
used  by  troops  with  great  success,  for  cooking  in  the  field,  in  long 
cylindrical  boilers,  which  are  so  disposed  over  trenches  dug  for  the 
purpose  that,  with  a  very  small  consumption  of  ftiel,  weU-cooked 
mod  may  be  supplied  ftoan  eight  of  them,  in  between  two  and  three 
houni  sufficient  for  800  men.  These  kettles  are  of  such  a  Ibim  that 
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they  may  also  be  made  to  8er?e  the  purpose  of  pontoons  in  the  coo- 

Btruction  of  bridges. 

The  snhjocts  briefly  discussed  in  this  discourse  can  only  be  regarded 
as  examples  of  the  many  directions  in  which  every  branch  of  science 
has  recently  received  appUcatioo  in  conoection  with  the  military 
service. 

[F.  A.  A.J 


ANNUAL  MEt^TlNG, 

Tuesday,  May  1,  1860. 

WiWAM  Pole,  £s<t.  M,A.  F.R.S.  Treasurer  and  Yice-Presideat, 

in  the  Chair. 

The  Annual  Report  of  the  Committee  of  Visitors  for  the  year 
1859  was  read  aD(^  adopted. 

The  statement  of  Sums  lieceived  sliows  a  steady  and  ^rradual 
increase  in  the  yearly  incume.  The  amount  of  Annual  CoiiU  ibutiuns 
of  Members  and  Subscribers  in  1869  amounted  to  £2140.  19;.  Od,, 
the  Keoeiptg  from  SubKriptione  to  Lectures  were  £883.  lU.  6d, ;  the 
total  Annoal  Income  amounted  to  £5440.  6t*  6d,i  eadi  amonht 
being  more  than  had  been  received  in  any  previous  year. 
» 

On  December  31, 1859,  the  Funded  Property  wa8£26,583. 14^.  Id. ; 
and  the  Balance  £1157.  1 5s,  2d.,  with  Six  £zchequer  Bills  of  £100 
each.  There  were  no  Liabilities. 

A  List  x>f  Books  J^resented,  amounting  in  number  to  243  volumes, 
accuiiipanies  the  Report ;  making,  witli  those  purchased  by  the 
Managers  and  Patrons^  a  total  of  670  volumes  added  to  the^  Library 
in  the  year. 

Thanks  were  Toted  to  the  Frendent»  Treasurer,  and  Secretary , 
to  the  Committees  of  Managere  and  Yisitois,  and  to  Professor  Faraday, 
for  their  services  to  the  Institution  during  tJie  past  year. 

The  following  Officers  were  unanimously  elected  for  the  ensuing 
year 

PHraiBENT — ^The  DuVe  of  Northumberland,  E.G.  F.R.S. 

Treasuk Ell— William  Polcj  Esq.  M.A.  F.R.S. 
!Six;AfiTAKY— Rev.  John  Barlow,  M.A.  F.R.S. 
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The  Lord  Ashburtoo,  D  CL.  FJSUS, 
Jolin  J.  Bigsby,  MJ>.  F.G^. 
George  Dodd,  Esq.  F.S.A. 
Colocel  George  Everest,  F.RJ5. 
Skr  Charles  Fellovs,  F.GS. 
John  HaU  OladMone,  Eeq.  PliJ>.P.BJS. 
Wm.  R.  Grove,  Esq.  M  Jl.  Q.C.  P.RA 
Sir  ChmrlM  HamUlon,  Bare  (XB. 


Hennr  Beoce  Jones,  M  J).  F.R^ 
ffir  Roderick  I.  Hnrehisoii,  G.C.8. 

D  C  L.  F.R.S. 
Frederick  Pollock,  Esq.  MJL 
Lcwib  Powell,  M.D.  F.S.A. 
Tlie  Diik«ofWellbgtoD,R.6.D.C.L. 
Charles  Wheatotone,  Esq.  F.B.S. 
Colonel  Philip  James  Torke,  P.U 


Beriah  Botfieid,  Esq.  M.P.  F.H.S.FAA, 
John  Charity  Burgovoe,  Esq. 
Grange  Bosk,  Esq.  P.RS.  PX.S. 
r?ev.  Charles  John  FyDe8ClilllOD,MJk. 
William  (yaassen,  Esq. 
Gordon  Willoughhy  James  Gyll,  Esq. 
Rev.  Ernest  Hawkins,  B.D. 
AlrKinrtrr  UmdmiOt  M J>.  FJBJU  * 


Sir  Walter  Charles  James,  Bart, 

Edmund  Macrory,  Esq.  M.A. 

James  Nasmyth,  Esq. 

Henry  Minchiu  Noad,  Ei^.  F.R.8, 

Matthew  Noble,  Esq. 

Hem'y  Pemberton,  Esq. 

Alfliander  Shaw,  Bmi. 


9. 

WEEKLY  JBYENING  MEETII^G, 

Friday,  May  4,  1860. 

WujuiAU  BoBBET  Gbovs»  Esq.         QX).  F*B.S.  yice-President, 

in  the  Chair, 

£dwis  L^nk£st£b,  M.D.  F.ILS. 
On  Bread-MMng  and  Baking. 

Tire  speaker  stated  tliat  the  principal  object  he  had  in  view  in  deliver- 
ing the  discourse  was  to  answer  tlie  question  so  often  put  as  to  what  was 
^  aerated  bread."  Bread,  as  used  at  table,  assumed  two  fonns  depend* 
oat  on  its  prepamtioD,  verieulated  and  umtesietdaied.  The  hitter  it 
known  under  tiie  name  of  unkaoened  breads  and  consists  of  such  prO" 
paratioDS  of  floor  as  bitcniits,  passover  cakes^  dse.  Vesiculated  bread  is 
prepared  in  two  ways,  either  by  fermentaiion  or  aeraium*  In  all  cases 
fermented  bread  is  made  from  the  flour  of  wheat,  or  a  mixture  of  this 
with  the  meal  or  flour  of  other  grain.  Barley,  oats,  maize,  rye,  will 
not  alone  make  fermented  bread.  Tho  meal  of  these  grains  is  added 
to  wheaten  flour,  when  they  arc  made  into  bread. 

Wheaten  flour  is  made  from  the  grains  of  wheat,  which  are  the 
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fruit  of  the  plant.  SU  layers  cellular  tiMue  were  described  between 
the  albumen  or  perisperm  of  the  seed,  and  the  outside  of  the  grain  r — 
1.  The  epicarp  ;  2.  The  sarcocarp  ;  3.  The  endoc^irj) — (these  belong 
to  the  fruit ;  4.  The  testa  of  the  seed  ;  5.  A  secondary  membrane  ; 
6.  The  covering  of  the  perisperm.  These  layers  constitute  the  bran^ 
which  is  separated  from  the  fine  flour.  They  contain  the  same  chemi- 
cal constituents  as  the  flour,  and,  so  far  from  being  objectionable,  are 
a  desirable  addition  to  the  flour.  The  gluten  of  the  flour  is  represented 
in  the  bnn  by  a  principle,  called  by  iti  diaoovcier  etrealin^  Like 

SJuten,  it  acts  as  a  ferment ;  but  iU  power  in  this  respect  is  said  to  be 
estioyed  at  a  tempefatnre  of  \W  Irabr.  It  is  solublo  in  eold  water, 
and  in  that  state  acts  as  a  ferment.  Bran  tea  accelerates  tbe  ^langss 
of  fermentation.  It  is  this  agent,  which  during  the  fermentation  of 
bread  gives  the  brown  colour  to  meal  bread*  Tw«n^-one  ounces  of 
wheat  yield  five  ounoes  of  bread,  and  sixteen  onnoes  of  fine  flour*  One 
pound  of  floor  contains 

Water   2i  ozs. 

Gluten   2  „ 

Albumen   in 

Starch   >« 

Sugar   1  „ 

Gnm  •   ^  „ 

Fat   4  „ 

Cellulose   i  „ 

Ashes   i  91 

• 

Tbe  gluten  and  albumen  are  flesb-forming  substances,  sugar  and 
starch  heat^ving.  In  the  making  of  fenMuted  bread,  ysast  is  added 
to  tbe  flour,  and  the  gluten  is  put  into  a  state  of  change,  but  not  de- 
composed. A  small  portion  of  the  starch  is  converted  into  glucose, 
which  is  decomposed,  and  alcohol  formed,  and  carbonic  acid  produced. 
The  carbonic  acid  gas  escaping  from  the  mass  vesiculates  llic  bread. 
The  quantity  of  starch  changed  in  this  process  is  very  small.  It  is 
expressed  by  the  quantity  of  carbonic  acid  gas  necessary  for  the  vpfd- 
culatiou  of  tiie  bread,  as  little  or  none  of  this  gas  escapes  in  the  linuig 
of  the  bread.  Tiie  conversion  of  starch  into  glucose  during  the  fer- 
mentation of  the  bread  does  not  appear  to  be  greater  than  is  necessary 
to  form  tbe  carbonie  add  for  ▼esfenlatlon.  The  stareb  dnnns 
mentation  acqmres  the  power  of  being  more  quickly  converted  into 
glucose  and  ito  snbseqnent  produeta,  tbaa  when  liealed  and  not  eiposed 
to  this  process.  This  is  probably  the  grsat  pecoUaritv  of  ftnnsnted 
bread,  uiat  the  starch  more  rapidly  passes  into  a  state  of  change. 

Wlien  tlie  starch  of  wlieat  has  already  acquired  this  teimeocy  to 
change,  from  the  sprouting  of  the  wheat,  the  flour  forms  a  sweet, 
heavy,  and  *)ticky  bread.  In  order  to  prevent  this,  alum  is  employed. 
Alum  is  not  necessary  to  the  makinp;  of  j)ab\table  bread  from  sound'' 
flour,  but  it  is  neoeflsary  ibr  the  making  of  saleable  bread  £rom  unsound 
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floor  made  from  sprouted  gnSiu  The  hatntml  me  of  alam  in  bread 

Is  undoubtedly  injurious,  especially  to  the  youog. 

Bread  is  vesiciilnted  without  being  fermented  by  two  processes : — 

1.  By  the  addition  of  8ubstanc«r, .which,  during  their  decomposition 
give  out  carlx)nic  acid,  as  carbonate  of  soda  and  hydrochloric  acid. 

2.  By  riKiking  the  bread  with  water  charged  with  carbonic  acid.  The 
first  h  the  process  recommeuded  by  tlie  late  Dr.  Whitinff,  and  sold  in 
London  under  the  name  of  Dodson's  Unfivmented  firead.  The 
second  prooeis  eoaaita  in  mixing  intimately  water  ewifaimlng  embonic 
aeid  with  floor,  eo  tliat  when  the  dough  is  baked  the  escape  of  tlie 
carbonic  add  gas  vesiculates  tbe  bread.  This  prooesi  is  worked  in 
London  under  Dr.  Daugiish's  patent,*  and  extensive  machinery  for 
making  this  bread  has  been  erected  by  Messrs.  Peek,  Frean,  &  Co.,  at 
Doelchead.  This  is  the  "  Aerated  Broad.*'  The  process  of  making 
feriiieiited  bread  is  tedious  ;  the  time  employed  for  making  the  bread 
varying  from  three  to  twelve  hours.  By  the  aerating  process,  the 
whole  time  taken  from  mixing  the  flour  and  carbonated  water  to 
putting  the  loaves  into  the  oven  is  only  twenty-six  minutes.  The 
neeeeaity  of  handling  the  dough  in  kneading  is  also  avdded  by  the  use 
of  machinery.  Other  advantages  of  this  process  are  tlio  saving  <^the 
starch  destroyed  in  formenting  bread,  and  the  absence  of  yeast  and 
o^er  eobetancesi  as  potatoes,  employed  for  facilitatuig  the  process  of 
fermentation. 

The  Baking  of  the  bread  is  the  same  in  all  processes.  At  the  same 
time  the  healthy  digestion  of  bread  depends  much  on  the  way  in  which 
thi^  process  is  conducted.  The  regularity  of  the  temperature  and  the 
conditit>n  of  the  atmosphere  in  the  oven  exert  a  considerable  influence 
on  the  -^hulesome  character  of  ihe  bread.  An  ov  en  has  been  recently 
constructed  by  Mr.  Bonthron,  of  B^gent-street,  b^  which  steam  can  be 
tamed  Into  tm  atmosphere  of  the  oven.  The  action  of  the  steam  pre- 
vents tlie  charring  of  the  crust  of  the  bread,  aUowi  of  the  interior 
Apannon  of  tlie  bread  by  preventing  the  hardening  of  the  cmst,  and 
produoee  a  natural  vambh  on  the  outside  by  redMbg  the  sugar  and 
gum  on  the  outside  to  a  liquid  state. 

With  regard  to  the  action  of  the  two  breads  on  the  system,  there 
can  be  no  doubt  that  either,  when  j^roperly  prepared  and  baked,  is 
adapted  for  general  use.  The  question  of  flavour  or  appearance  every 
one  will  decide  for  himself.  In  certain  morbid  conditions  of  the 
stomach  fermented  bread  undergoes  rapid  changes,  which  are  produc- 
tive of  iooonvenience,  and  wldch  u  prevented  liy  tlie  use  of  unfermented 
biead* 

[E.L.] 


*  SiDse^deBvsTf  of  ihAtoetafe^flsy  sMcnlMm  1ms  hssB  sailed  to  Osft^ 
a  patent  was  obuuned  by  Mr.  Lake  Hsosit  in  1888,  Ibr  audEbg  hfssd  vdlh  sai^ 
bone  seid  gBS.--£.  L. 
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GENERAL  MONTHLT  MEETING, 
Monday,  May  7,  I860. 

WiLUAK  Pole,  Kbvi.  M.A.  F.R.S.  Treasurer  and  Vice-President, 

in  thy  Ckair. 

The  Secretary  annouDced  that  His  Grarc  the  President  had 
nominated  tlie  Ibilowing  Yice-Prewdents  for  the  ensuing  year  : 

The  Duke  of  Wellisfton. 
The  Lord  Ashbartok 
W.  iC  Grove,  Esq. 
Sir  B«  I.  HurahiiOQ. 


Charles  Wheatstooe, 

Wm.  Polo,  Fsq  the  Trenxurfr. 
Bev.  J.  b&riow,  ihe  Htcr^arjf, 


Henry  Barnett,  Esq. 
Edward  Lewton  Cox,  Esq. 
John  Edwafd  Cox,  Esq. 
William  Watkiss  Lloyd,  Esq. 
James  Marshall,  Esq.  and 
John  Walter,  Esq.  M.P. 

were  duly  elected  Members  of  the  iioyal  Institution, 

The  following  Professors  were  re-elected:* 

William  Thomas  Bran]>b,  Em|.  D«C.L.  F.&S.  as  Hononij  Fro* 
feaaor  of  Chemistiy* 

John  Tnn>AiXy  Eaq.  Ph.D.  F.BJ3.  aa  FiofeaBor  <tf  Katmal  Hulo- 
aophj. 

The  PsBBBRTB  reoeived  ainoe  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  .the  Members  returned  for  the  aame :  via. 

FaoM 

Aeadd^nit  deaSeimeu  dt  tliuiUMi,  Poru— Mtoioifo,  Tome  XXV :  Tome  XXVU. 

Partie  2.  et  Tome  XXXT.  4to.  1860.  ;  Annuaire,  1860.  16to. 
A^mrtes,  Institute  a/— Assurauce  Magazine,  No.  39.   8vo.  1860. 
AdhAMU',  M.  J,  (the  Author)— Mvolutioos  de  la  Mer:  Deluges  P^riodiaues. 

2«  Ed.   8vo.    Paris,  1860.  ^ 
ArtSy  Societi/  (/—Journal.  April  1860.  8vo. 
Asiatic  Soci^v  of  JJenaal-- J ourmU  No.  275.    8vo.  1860. 
AttroHomieal  Societv,  JroyaZ—Procecdiiigs,  No.  5.   8vo.  1895. 
Saines,  Mrs.  M.  A,  {the  Authory-Oa  Hoinaa  and  A«8Mt1  Milks:  and  on 

WctNorNS.  aro.  1860. 
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Barclay,  Mr.  G.  ( the  Aiithor)~T)es\gn%  for  Marking  Silver  Plate.    8vo.  1860. 
Bavanan  Academy  of  Sciencet — Festreden  too  Dr.  W.  Christ  ttzid  Justiu  Freiherm 

▼QoLiebig.   4to.  18<K>. 
Boo$ey,  Messrs.  (the  Publfshcrs)— The  Musical  World  Ibr  April  1860.  4to. 
Bradbiry,  Iletiri/,  Esq.  M.R  I.  (<A«  .^iifAor)— ^peeiBMM  of  Btnk  Notot  and  oOmt 

EograTings.   4to.  1860. 
ClkuAen,  €ho.  F,  E»q.  M,  RL  (the  i<«f AwV-Plaiiettrj  Tablet.  Bvo,  1860. 
Civii  Enginerrsy  Institute  o/— Proceedings  in  April  1860.  8va 
/Aici/in,  M.  P.  A.  {the  Author) ^Trait^  de  Physique.    Tome  III.    8vo.  1859. 
JJavu,  Hetcetty  Esq.  MM. I.  {the  Author) — Practical  Essays  for  the  Improvemeut 

of  FanniDg.    8vo.  1860. 
Jkve,  Profrss^yr,  i^J{J^.--lfeteonil<igitelM  lUwUai  tlber  der  PimuiiMlieii.Staat. 

fol.  18.58. 
^lYora—Artizan  for  April  1860.  4to. 

Athemenm  for  April  1860.  4UK 

Atlantis,  No.  5.   8vo.  1860. 

Engineer  for  April  1860.  fol. 

Horological  Joamal,  Nos.  20,  21.   8to.  I860. 

Journal  of  Gas-Ligliilng  for  April  1860.  4tO* 

Mechanics'  Magazine  for  April  1860.  8to. 

Medical  Circular  for  April  1860.  6vo. 

Praetieal  Mediaide'sJoanialftr  April  1860.  4to. 

St.  James's  Medlqr,   No.  22.  8vo.  1860. 
Faradni/y  Prqfeisor,  D.C.L.  F./?.S.— AbhandloQgBii  der  Akademie  dar  WiitJii- 

schaften  an  Berlin  ;  1858.   4to.  1859. 
FramUib^ImttUmteoJ  Penntylvamia  Jcotnal,  YoL  XXXIX.  Na  8.  8T0.  1860. 
Gtdogical  Survey  of  //{(/ta— Memoirs,  Vol.  I.  Furt  8»   8V0.  1859. 

Annual  Report  1858-9.    8vo.  1859. 
Ilalswelly  Eilinund,  Ksq. — Keport  of  the  Visitors  of  the  County  Lunatic  Asylums 

at  Hanwell  and  C'olney  Hatch  for  1860.    8vo.  1860. 
Barley  C.  E.         Bogmrii^  of  an  ImproMioii  ftom  *'Dariiis'i  Seal,"  in  the 
British  Museum 

Mackicy  S.  J.  Esq.  F.G.S.  (the  Editor)— The  Geologist,  April  1860. 
Medico- Chiruryieal  Society y Royal — Proceedings,  Vol.  III.   No.  3.    8vo.  I860. 
Newtojty  Messrs. — London  Journal  (New  Scries),  for  April  1860.  8vo. 
NoveUo,  Mr,  Ithe  Publishery-The  Musical  Times  for  Aunl  1860.  4to. 
PeUrmojm,  A»  Etq.  {the  £i((£(or)~Mittliriliuigen  auf  oem  Getammtgebiate  der 

Geographic.    1860.   Heft  4.    4to.   Gotha,  1860. 
Photcmraphic  SocjWy— Journal,  No  96.  8vo.  1860. 

Boual  So(Mtv  of  Edinburgh^-TrvrntxaDS,  VoL  XXIL  Part  1.   4to.  1857-9. 

Proo6ediags,No.4t.  8n>.  1858-8. 
a.  PAersbourg,  AcadhtU  ImpHniok  dm  Sejflww— H^nuMrei :  VII.  84rie.  Tome  L 
4to.  1859. 
Bulletin,  Tome  I.   Nos.  1-3.   4to.  1859. 
Smyth,  Admiral  fF»  B,  and  Dr,  Johm  Let,  Cycle  of  Celestial  Objecta,  con- 

tinued at  tbe  Hartwell  Obeerratory  to  1869  \  by  Admiral  W.  H.  Smyth.  4to. 

I860. 

Ward,  Stephen  H.  M.D,  (the  Author)— On  Rational  Medicine.   8m  I860. 
lllralher,Jame$^  Esq.  F.R.S.  Af.i2./.— Brief  Memoir  of  Capt.  Joseph  Huddart,aLd 

an  account  of  bia  InTentlona  in  the  Maonlacture  of  Cordage,  by  W.  Cotton. 

4to.  1856. 

WdiUr,MmtM.IK  Fjr.&lfJ}./.— Reports  m  Bridewell  and  Bethlem  Hoepi- 
tdfftrl859.  1880. 
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W££KLY  £V£NING  M££T1KG, 

Friday,  May  11,  1860. 

Tbx  Dm  OF  WKLUOHnoiry  K»G«  D.C.L.  Ylee-Pmidenti 

in  the  Gbair. 

Thomas  Mayo,  M.D.  F.R.S. 

V&KSIOKMT  or  TUB  ttOlCAL  CatJLBOS  07  I'UTSIOIAIiS. 

0»tke  ftlaikmi  qfiht  Public  to  the  Scime$  and  Pradiet  ^ 

-Mirftfi'ftflii 

The  speaker  opened  hm  discourse  with  remarks  on  some  peculiarities 
in  the  relations  of  society  to  the  medical  profession.  The  business  of 
the  profession  is  conducted  among  perturbations  varying  in  kind  and 
intensity.  The  medical  practitioner  depends  upon  his  skill  and  success 
in  dealing  with  a  commoditj,  in  relatimi  to  whieh  the  emotioiiB  of  his 
heart  and  the  ezertioDB  of  hit  intelieet  are  laigely  called  forth,  while 
the  recipient  of  the  suppoeed  or  hoped  fiir  heneAt  is  with  different  d^ 
grees  of  intenii^  peined  and  annoyed  by  liaving  to  apply  for  it.  And 
the  rdation  of  the  prsetitioner  to  mtety  is  thus  rendered  more  peculiar 
by  his  having  to  give  a  certain  amount  of  satisfaction,  where  all  those 
feelings  of  the  human  mind  are  actively  at  work,  the  most  calculated 
to  confound  the  judr^ent  of  thoie  whom  he  hat  to  Mtiify.  He  m 

tried,  coram  non  Judtce. 

There  is  thus,  the  speaker  observed,  a  sort  of  atmosphere  of  repug- 
nance generated  by  the  very  nature  of  the  case,  between  the  profession 
which  is  presumed  to  confer  the  benefit  of  liealth,  and  the  public 
wliich  isprtsumed  to  receive  it.  It  was  one  main  object  of  this  discourse 
to  point  out,  that  in  spite  of  these  points  of  antagonism,  they  have  to 
co-operate^  with  a  view  to  mooess;  to  co-ordinate  their  eflbrts  ;  and  that 
the  puhUe  cannot  divest  itself  of  responsibility  by  placing  a  case  in  the 
hands  of  the  physician,  as  it  can,  when  dealing  with  an  advocate  nnder 
analogous  circumsttmces.  There  are  certain  great  physiological  trutlw, 
lending  themselves  both  to  hygiene  and  to  medicine,  which  it  is  incum- 
bent on  the  public  to  acquire  as  a  part  of  education.  ^^If  men,"  says 
M.  Auguste  Comte,  do  not  confide  the  study  of  astronomy  to 
navigators,  neither  should  they  leave  physiology  to  the  leisure  of 
physicians," 

In  this  way,  tlie  public  may  attain  another  very  important  objwt. 
It  claims,  and  justly  claiius,  a  right  to  choose  between  conflicting 
schools  of  medicine.    This  right  it  may  exercise  witli  more  safety  and 
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■dvantage,  by  obtainiiig  tomt  knowifidge  of  thai  great  human  system 

which  19  the  common  arena  of  h11  the  professors  of  the  healing  art. 
Every  school,  normal  or  abuoniuih  must  make  its  appeal  to  physiologi- 
c&l  principles.  How  much  good  ma}  be  done,  how  much  evil  may  be 
avoidi  (i,  by  an  enlightened  ap{)lication  of  the  public  mind  in  these 
directioiiii,  the  speaker  proceeded  to  point  out,  by  directing  attention 
to  tlie  phenomena  of  growth  and  progress  in  certain  systems,  according 
as  the  attentioD  of  the  pablte  has  or  has  not  been  called  to  th«n* 
For  this  purpose^he  look  the  allied  theories  of  Dr«  Citnieof  lAwerpotA, 
and  M.  Prienmtiy  the  author  of  what  is  termed  hydropathy.  Abeirt 
tlie  end  of  last  century.  Dr.  Currie,  reasonine  deductively  from  facts 
observed  by  himself  and  Dr.  Wright,  affirmed  the  applicability  of  the 
affusion  of  cold  water  in  a  large  group  of  cases.  His  views  have  no 
doubt  left  bthiud  them  in  the  medical  mind  an  increa^^od  tendency  to 
avoid  certain  mischievous  agents  in  the  treatment  of  iebhie  disorders. 
But  they  have  not  fructified  consistently  with  his  great  and  well- 
deserved  reputation.  In  the  first  British  epidemic  which  broke  out 
tubsequeotly,  they  were  speedily  abandoned  by  all  practitioners,"  f^ays 
Dn  ChrisliBon,  wfiting  in  1840 ;  <*and  for  twenty  years  Dr.  CnnieTs 
theofj  has  been  almost  unknown  in  the  treatment  of  fever/'  Nor  has 
any  speculative  question  since  arisen  among  us,  as  to  what  might  pos- 
siUy  yet  be  dedudble  from  a  sdeotifio  hypotiieiis  at  first  eminently 
successful. 

Very  different  has  been  the  fate  of  the  hydropathic  theory,  con- 
trived by  an  untutored  Jjilesian  peasant,  neglected  by  the  regulnr  ])r<)- 
lessioij.  and  cartd  for  by  a  credulous,  but  not  an  inditterent  public. 
If,  in  tlie  latter  case,  a  rasli  sciolism  lias  been  largely  predominant, 
against  which  a  better  informed  public  might  have  protected  itself,  this 
mtDSt  at  least  be  admitted^  that  an  important  prhidple  of  treatment 
has  thus  been  kept  aBve  by  the  public,  Uiough  put  bmre  them  in  its 
least  scientific  shape.  While  a  nmilar  principle  of  treatment  Irom 
which  all  the  valuable  elements  of  the  hydropathic  system  might  have 
been  deduced  by  scientific  thinkers,  without  its  concomitant  mischief 
has  been  allowed  by  the  medical  profession  to  sleep  and  be  forgotten. 

With  r^pect  To  tlie  mischief  concomitant  to  Iiydropathy,  the 
speaker  quoted  tlie  following  passage  from  a  work  by  Dr.  Ik^nce 
Jones — "Until  Trofeiis^r  Liebig  directed  attention  anew  to  the  action 
of  oxygen  on  the  human  body,  the  caus^  of  success  or  failure  in  Ji\  dro- 
pathy  were  unknown.  The  ^watert  possible  action  of  the  skin  is  pro- 
dnced  under  hydropathy,  on  the  system,  by  baths :  large  quantities  of 
water  are  taken,  and  bv  these  means  the  action  of  oxygen  on  the  l>ody 
is  promoted  to  a  very  high  degree,  and  death  emtueif  ever  the  system 
is  unable  to  fumUh  matter  to  resist  the  actum  oxygen  A  fiicty 
which,  on  the  highest  authority,  indicates  the  expediency  of  an  in- 
creased amount  of  medical  and  physiological  knowledge  in  the 
ptiblic,  who  select  for  themselves  both  medical  systems  and  medical 
advisers. 

The  sj)eaker,  after  expressiiig  iiis  regret  that  the  palruuage  of  the 
public  had  not  been  extended  to  another  hypothesis,  equally  neglected 
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bjf  the  profession*,  that  namely  of  Dr.  Beddoee^  whose  scieatific  merits 
were  as  undoubted  as  those  of  Dr.  Currie,  proceeded  to  consider  the 

question,  how  far  bis  remarks  in  fivour  of  popnlarisinn^  <;ome  amount  of 
me  lic^il  or  hygienic  education  apply  to  the  capabilities  and  position  of 
females. 

Having  thus  far  estimated  the  action  of  the  public  on  the  mudical 
profession,  the  speaker  proceeded  to  consider  the  aetion  of  the  profes- 
sion on  tlie  public,  i,e,  the  share  ot  duties  which  belong  to  the  profes- 
sion in  regard  to  it.  In  this  point  of  view,  he  proposed,  as  within  the 
limits  of  his  allotted  time,  to  describe  the  mental  dyoamtcs  of  the  pro- 
IMon,  whether  as  engaged  ui  actual  praetice,  or  in  the  province  of 
reseaieh* 

The  fint  object  of  medical  reasoning  thns  oontemplated,  when 
brooght  to  bear  upon  practical  conclusions,  whether  at  the  bedside  of 

the  patient,  or  in  ulterior  pathological  enquiry,  is  to  reduce  cases  to 
tlie  general  law,  or  laws,  under  which  they  fall.  Subservient  to  this 
purpose,  ji  h\v<re  fund  of  systematized  knowledge,  both  in  pathology 
and  ireatnient,  has  heen  aorumnlated.  Some  amount  of  attentive  ob- 
servation mny  possibly  by  their  means  satisfy  the  requirements  here 
supposed,  and  assign  the  cases  to  the  jiiace  which  they  hold  in  the 
history  of  disease.  But,  owing  to  tXie  points  of  ditference  by  which 
men  are  individualized,  oombmed  with  our  still  imperfect  scientific 
knowledge,  the  case  may  seldom  be  thus  disposed  of.  It  is  often  seen 
to  contalo  elements,  neither  referable  to  known  causes,  nor  ciipable  of 
being  subordinated  to  any  previous  theory.  Ilere,  another  faculty  of 
a  higher  and  more  energetic  charaef<  r  nnist  be  called  into  use  by  the 
practitioner  or  thinker.  He  must  drift  hel})lessly  down  the  current  of 
his  own  associations  and  those  supplied  to  him  by  the  teaching  of 
others,  nnless  he  i«5  nblo  to  seize  some  leadinp-  idea  to  be  applied  by 
him  to  the  nature  and  condnet  of  the  case.  Ilr  timst  in  fact  extempo- 
rise an  hypothesifi.  If  truth  more  readily  merges  out  of  error  than  out 
of  confusion,  some  process  of  this  kind  must  be  adopted,  eA  cn  thongh 
it  should  suggest  in  the  case  before  him  a  temporary  negation  of 
measures.  The  imagination,  the  speculative  power,  and  the  memory 
roust  combine  with  the  knowledge  of  the  physician,  to  answer  the 
questions  here  suggested ;  and,  according  to  the  construction  of  bis 
mind  on  these  points,  the  hypothesis  will  come  out  clear  and  practical, 
or  fanciful  and  obscure.  This  is  the  analyse  of  an  operation,  which, 
under  the  influence  of  habit,  often  bears  the  character  of  an  instinctive 
perception. 

While  this  kind  of  reasoning  is  immediately  applicable  in  actual 

practice,  it  enters  nlso  into  the  speculations  of  those  who  have  riio^t 
extended  the  boundaries  of  our  knowledge  ;  but  with  tliis  important 
difference,  that  the  physieian  nnist  often  be  contented  with  wn  hyi>o- 
thesis  at  the  bedside,  which  will  explain  the  symj>tonis  of  the  patient, 
and  thus  suggest  grounds,  where  immediate  practice  is  required  ;  while 
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be  wlio  is  engaged  in  extending  medical  science  by  pabUofttion  or  teach- 
ing, must  be  less  easily  satisfied.  His  hypotheses  must  not  only  be  ex- 
planatory, they  must  also  be  verifiable  by  iuductiof).  They  have  to  serve 
a  purp4>sp,  not  limited  to  a  pres^^nt  case,  but  talcuhited  to  exercise  an 
influence  over  future  years  and  generations,  us  involving  a  principle. 

These  doctrines  the  speaker  could  not  illustrate  before  his  audience 
by  taking  tliem  to  ihe  bedaide  of  the  patiettt,  ia  reference  to  the  im- 
mediate pcadkal  hypotheiis.  But  he  brought  forward  one  iastanoe  of 
the  ttfles  of  hypothesb  in  research.  It  related  to  the  diiorder  called 
•eoile  apoplexy,  the  apoplexy  of  the  aged.  That  the  usual  aatecedents 
of  apoplexy,  a  congertive  state  of  the  circulation,  should  occur  in  an 
aged  brain  might  a|9)ear  improbable ;  and  the  more  so,  when  it  is  con- 
sidered that  in  age  the  brain  underc^oes  a  process  of  atrophy.  lVIe;\n- 
while,  this  improbability  disapjwars  under  an  hypollie>is  de  rived  by 
Dr.  Rokitansky  from  this  very  assumption  of  an  atrophic  state  of  brain 
in  old  age.  Atrophy  uf  a  }>art  implies  diminution  of  size  m  that  part ; 
and  this  iu  the  bmiu  would  imply  a, shrinking  away  of  the  substance 
of  the  brain  from  the  inner  sur&oe  of  the  skuU ;  a  fact  often  observed 
after  deadi  of  the  aged.  Now  the  space  thus  produced  between  the 
brun  and  the  skull,  being  impervious  to  air,  is  so  6r  a  vacuum ;  so 
that,  atmospheric  pressure  continuing  to  exist  on  the  rest  of  the  body, 
and  being  removed  from  the  surface  of  the  brain,  it  must,  however 
extenuated  the  subject,  be  replete  with  blood.  It  is  needless  to  say 
that  this  theorv  of  t!ie  cause  of  cerebral  congestion  in  the  aged  is 
highly  suggc^Jtive  of  a  practical  conclusion.  The  •physician,  being 
enabled  to  explain  the  state  of  congestion  induced  in  the  brain  into 
conditions  immediately  resulting  from  a  state  of  feebleness^  is  justi- 
fied in  declining  de|>ietory  measures. 

Having  thus  ducossed  the  valoe  of  a  ▼erifled  hypothesis,  or  in 
technical  finguage  a  theory,  the  speaker  considered  the  leas  complete 
Ibrma  of  hypothetical  reasoning.  It  happens  in  medical  rraearch,  aa 
well  aa  in  practice,  that  an  hypothesis,  at  present  unverified  by  induc- 
tk)n,  but  which  would  explain  the  ease  under  consideration,  derives* 
from  this  latter  circumstance  certain,  though  limited,  amount  of 
weight.  As,  for  insUmce,  the  occurrence  of  such  symptoms  as  would 
be  j)reseTit  if  a  poison  had  been  given,  affords  a  presuiniitiou  that  a 
poison  has  been  given  ;  though  wliile  the  jwison  is  undetected,  it 
reiimins  unverified.  The  hyputhesiji  ui  tenii>eraments  again,  tliough 
unverified,  is  luciferous ;  it  may  eventually  obtain  inductive  proof,  and 
be  fitted  to  take  its  place  in  the  tustory  of  our  science. 

But  an  hypothesis,  whether  for  immediate  practice  or  Ibr  purposes 
of  research,  may  not  only  lie  unverifi^ ;  it  may  also  be  uneiplana- 
tory.  This  latter  defect,  occasional  among  medical  writers,  and 
frequent  in  the  practice  of  those  by  whom  the  force  of  words  is  not 
justly  estimated,  the  speaker  illustrated  from  the  work  of  Mr.  Charles 
Darwin.  He  presumes  the  terms  "  natural  i**  h  e  lion  "  to  constitute  an 
instance  of  it ;  as  seeming  only  to  explain  his  process  of  transmutation 
of  animals. 

Vol.  III.   (No.  32.)  t 


Digitized  by  Google 


262     JOr.Ma^mU^Sekm!0aiidPfm!tiee<fMeiieime,  [M«yU» 


ITnving  given  this  account  of  the  workings  of  the  medical  intellect, 
he  atiirnied  the  misapprehension  involved  in  the  use  of  the  term 
guessing,'*  as  sometimes  applied  to  them.  Trutiis  of  a  high  order,  m 
leading  to  most  important  results,  have  been  inductively  e.^t.iblished, 
which  can  be  applied  with  great  confidence  to  practice.  But  there  is, 
lie  sa^s,  one  modification  of  medical  thought,  in  the  present  day^  whidi 
eertainly  maj  dmnre  the  name  of  mere  guessing,  and  whicii  advanoei 
no  preCmiolu  to  philosophy :  one^  which  contemns  all  hypotheses  as 
to  eoMuett  the  only  legitimate  subject  of  treatment  in  medicine  ;  and 
which,  cataloguing  symptoms  and  the  presumed  remedies  for  those 
symptoms,  prescribes  from  the  catalogue.  Such  reasoning,  he  says,  is 
to  he  found  in  books  purporting  to  convey  the  principles  of  homceo- 
pathy. 

As  an  element  of  the  medical  intellect  required  and  developed  in 
actual  practice  and  in  medical  research,  the  imagination  has  been  al- 
ready noticed.  Its  intellectual  value  in  enabling  the  mind  to  realise 
absent  oljects  of  perception,  and.  lie  moral  value  in  affording  sources 
of  comfort  to  the  sick^  if  judiciously  managed,  was  insisted  on.  And 
the  speaker  finished  his  analysis  of  the  medical  mind  by  strongly  insist- 
injp  upon  a  just  measure  of  its  attention  being  given  to  the  various 
sciences,  which  lay  claim  to  its  pursuit;  so  that  undue  predominance 
may  not  be  given  to  tliose  which  may  happen  to  be  most  attraetive, 
or  to  afford  most  opportunities  to  the  student  of  displaying  briilianqf 
in  competitive  examination. 

The  next  subject  which  engaged  the  sjH  aker's  attention,  involves 
a  close  reciprocity  of  action  between  the  public  and  the  medical  pro- 
fession. It  is  that  of "  specialties  in  practice."  While  on  the  one 
hand  the  bent  of  the  individual  mind  tn  fitvonr  of  some  one  group  of 
cases  and  diseases  for  oonsidmtion  and  inquiry,  may  justly  influence 
tlie  mind  of  the  public  in  applying  for  medical  advice;  on  the  other 
hand,  this  tendency  must  not  be  gratified  at  the  expense  of  compre- 
hensiveness of  knowledge.  The  tendency  of  the  public  to  render  the 
subject  of  insanity  or  unsoundness  of  mind  a  specialty  utHh  this  resuUf 
was  commented  on. 

The  public  prevents  those  medical  practitioners,  who  have  gained 
repulatiun  in  tliis  specialty  from  becoming  acquainted  with  other  con- 
terminous disease  by  excluding  them  from  attendance  on  other  dis- 
eases; and  thus  necessarily  diminishes  their  power  of  diagnods  in 
mentil  disease  itself,  Hence  arises  ignorance  of  practitioners  both  in 
certifying  the  presence  of  insanity,  and  in  giving  evidence  on  it  in 
courts  ofjustice. 

The  relations  of  the  public  and  the  medical  professions  thus  fiur 

deFrribed,  have  been  mainly  intellectual.  The  moral  duties  incum- 
bent  on  the  profession  ha^'e  long  been  j)ressed  upon  the  attention  of 
students  in  medicine,  by  1(  <  tares  and  the  precepts  of  tlieir  instructors. 
No  eorre.s|K)nding  enumeration  of  the  duties  owed  by  the  public  to  the 
profession  existii.  Jn  regard  to  one,  which  appt  ared  to  the  speaker  to 
have  been  peculiarly  neglected,  he  thus  expressed  himself.      I  will 
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•oppose  ft  yomig  man  settled  in  a  countiy  neighbourhood  as  a  general 
practitioner.  ITe  has,  T  may  also  fairly  suppose,  received  that  amonnt 
of  roetital  discipline,  which  it  is  difficult  in  his  profession  to  escape 
uuder  the  expanded  system  of  antecedent  and  profp«*sional  education, 
which  he  will  Jmve  undergone.  He  finds  his  way  into  houses,  in 
niaijy  of  the  most  res|>ectable  of  which  tliere  dwell  those  who  have 
enjii}  ed  no  such  opportunities  of  mental  enlarjiennent,  I  may  fairiy 
suppose  him  to  liave  had.  While  hh  prolessional  intercourse  with 
society  has  involved  tiie  most  confideiitial  rehitious,  yet,  when  his 
attenffifnce  is  concluded,  his  actual  position  with  respect  to  it  may  be 
one  of  comparative  ezelnsioo.'*  Not,  it  may  be  observed,  without 
eorrespoiiding  loss  to  society  itself,  winch  is  interested  in  obtaining  or 
preserving  his  services  not  only  as  an  adviser  but  also  as  a  Iriend. 

In  conclusion,  the  speaker  reiterated  a  strong  expression  of  his 
opinion  in  favour  of  increased  acquaintance  on  the  part  of  the  public 
.iU.«edi«l«dph^U^priocipI«.  ^^^^^ 


WEEKLY  EVENING  MEETING, 

Friday,  May  18,  1860. 

CiiABLBi  Whkaxotome,  Esq.  F.B.S.  Vice-President,  in  the  Chair. 

PBOFE8SOK  William  Thomson,  F.K,S. 
On  Atmospheric  MUctricUy, 

* 

pt  is  hoped  Uiat  sd  Abstiset  of  this  Diseoam  will  be  given  in  the  next 

immber  of  these  Prooeedings.} 


WEEKLY  EVENING  MEETING^ 
Friday,  May  25,  1860. 

Sib  KoDfiaicK  L  Mdbchison,  D.C.L.  F.R.S.  Vice-President, 

in  the  Chair. 

William  Pengellx,  Esq.  F.G.S. 

On  the  Devonian  Fossils  of  Devon  and  Cornwall^  with  tpecial  refer- 
entc  to  the  CnUfrfimr  prpsf'?}frd  to  the  Oxford  Unirrrsity  Museum^ 
in  connexion  with  the  Hurdeit-Coutts  Geological  tSchoiarship» 

Thk  maLer,  in  commencing,  called  attention  to  the  great  variety  of 
roek-tormations  in  Devonshire,  and  stated '  that,  with  the  doubtful 
eiception  of  the  crystalline  schists  extending  from  the  Start  to  the 
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liuU,  the  limestones,  slates,  and  associated  sandstones,  of  hotli  the 
soutli  and  tlie  extreme  north  of  the  count) ,  arc  the  oldest  rocks  iu  it ; 
that  they  belong  to,  what  is  known  to  geologists  as,  the  Devonian  age 
of  the  world ;  that  Is^  they  are  the  equivalents  or  oootemporariee  of  the 
old  red  saDdstonee  of  Scotland  and  other  dittneta ;  that  ProfesBor 
Sedgwick  regards  them  as  divisible  into  three  groups,  namely,  the 
Plymouth,  or  oldest,  the  Dartmoutli,  and  the  Barnstaple  groups  ;  that 
only  the  two  first  occur  in  South  Devon,  whilst  all  three  are  found  in 
the  north  of  the  couf)ty  :  that  tho  second,  or  Dartmoutli  group,  has 
not  been  found  to  contain  organic  reniaius ;  that  tht^  riclil\  fossiliferous 
beds  of  South  Petherwm,  in  Coniwall,  bfluug  to  the  IWustaple  genes, 
whilst  the  slates  of  I.iOoe,  Pol  per  ro,  and  other  parts  of  the  same  county 
belong  to  the  Plymoutli  group. 

M  then  said— DoubtloM  yon  have  all  learned  firom  the  puUie 
prints  that  two  g^logical  seholaiships  have  recently  been  founded 
at  Oxford.  Were  this  the  time  and  plaee^  it  would  have  gi^^ 
me  great  pleasure  to  have  expressed  my  grateful  sense  of  the 
service  which  the  foundress  has  rendered  to  geology,  and  through 
it  to  science  generally,  in  thus,  not  only  piviiip^  a  stimulus  to  the 
study  of  it  in  a  place  so  every  way  important  as  tliat  ancient  sent  of 
learninj;,  but  also  by  recopfuising  it  as  a  desirable,  if  not,  indi  ed,  an 
essential,  part  of  the  educaLioa  of  the  general  student ;  *  and  especiallv 
of  tho^se  dcjitiued  for  the  ministry  of  the  church,  if  they  would  liupe  to 
maintain  the  position  which  the  interests  of  religion  require  them  to 
maintain/  ^  These  words  are  a  quotation  from  the  4ocument  drawn 
np  by  the  fiiundresB,  and  accepted  or  endoned  by  the  Univernty 
authorities.  Truly  ibe  day  has  passed  away  when  the  prevalent  fed.* 
ing  was  eeboed  by  the  sarcasm  of  the  poe^— 

'  Some  drill  and  bore 
The  solid  earth,  ami  from  the  strata  thore 
Extract  a  register,  bv  which  we  learn 
That  He  who  made  it  and  revealed  tti  date 
Td  Meee^  was  ailatsken  in  iti  age/ — Cowper, 

^My  object,  however,  in  alluding  to  this  subject,  here  and  uow,  is 
just  to  say  that  a  collection  of  the  Deffoman  fosrils  of  Devon  and 
Cornwall,  which  I  had  the  honour  to  make  at  the  request  of  the 
foundress,  was  presented  by  her  to  the  Oxford  University  Museum,  in 
connexion  with  tlie  scholarships.  In  drawing  up  a  brief  account  of 
this  collection,  some  of  the  salient  facts  connected  with  the  fossils  of 
the  district  under  consideration  were  brought  somewhat  prominently 
and,  in  a  certain  degree,  methodirally  before  me  ;  hence  this  evening's 
discourse.  The  fossils  on  the  table  are  from  my  own  j)ri\  ate,  not  the 
Oxford,  collection  ;  but  duplicates  of  inuuy  of  them  will  be  found  in 
that  series,  whilst  several  of  the  corals  are  the  specimens  figured  in 
the  monograph,  on  the  British  Devonian  Fossil  Corals,  issued  by  the 
Fblaontographical  Society." 


*  TTswe  Newspaper,  Febraary  9th«  1S60, 
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Mr.  Pengelly  then  prtK^eeded  to,  what  iiia^  l>e  called,  the  sUitisticnl 
part  of  hi»  subject,'  remarking  that  the  tables  at  present  before  us 
aiiist  be  ngarded  as  merely  representiiig  onr  momentary  knowledge, 
aa  iu  all  piobability  many  new  fiMsila  would  be  hereafter  disoovered ; 
the  figures  however  woiud  ptobably  always  express  tolerably  eaael 
proportions  or  relative  numbers. 

The  following  is  a  brief  summary  of  this  part  of  the  discourse.  Of 
the  27  cltisses  into  which  the  existing  Flora  and  Fauna  are  dividpd, 
15  only  are  r('pr#»sentpd  by  the  fos-sils  of  the  Devonian  rocks,  whether 
found  111  Britain  or  eke  where  in  the  world;  as  is  shown  in  the  follow- 
ing table: — 

iiepretented  Claw*.  |  Uarepresenled  Ciusaes, 


CellulareM*  J  DiootyledoiMk 

^Manocotyledooes.*  Infn«*»ria. 
Amorphozoa,  Furaiuuufefft« 
Zoopbyta. 

Ec  hi  node  mists*  Acalcphiv, 
*Amelida,*  Myriopof!n. 
^Cirrepedia,^  Arachuida. 

Insecta. 
Tunicata, 
Keptilia, 
Atss. 

Bisaunslia. 


Bryozon. 
BbIcbiopoda. 
Lmnellibraad^ts. 

•Pteropoda* 

Gasteropoda. 
Cefhalopoda. 


Those  printed  in  italics  appear  to  have  been  poor  in  s])ec'ie8.  It 
must  be  remeraberetl,  however,  tlial  some  of  tliLTn  arc  similarly  cha- 
racterize ill  the  existing  crealiou  ;  tlie  clii;vsei>  iii  capitals  containwl  a 
greater  number  of  species  then  than  they  do  at  present ;  those  pre^ 
ceded  by  an  asterisk  do  not  appear  to  have  been  met  with  in  Devomam 
rocks  in  any  part  of  the  British  isles,  and  those  succeeded  by  the  save 
iiiaric,  are  not  recorded  as  having  been  found  amongst  the  Devonian 
f  is^ils  of  Devon  and  CornwalL  The  district  last  named  has  yielded 
340  species,  of  which  60  are  also  found  in  Continental  Europe,  6  in 
America,  and  1  in  New  South  W^les.  Seve?i  of  the  340  species  appear 
to  have  existed  in  the  preceding  or  AV/wnV///  age,  whilst  about  bO 
fmssed  over  to  the  next,  or  Carboniferous,  period.  Many  of  the  fossils 
of  Devon  and  Cornwall  appear  to  have  had  a  very  lii»iited  geographi- 
cal range  j  thu8  186  species,  more  than  half  the  entire  series,  are 
peculiar  to  South  Devon,  whibt  there  is  but  one  coromoo  to  the  ooo- 
temporaiy  deposits  of  I^orth  and  South  Devon  and  Cornwall,  and  not 
more  than  six  common  to  any  two  of  them. 

Mr.  Pengelly  then  proceeded  to  give  a  brief  description  of  some 
of  the  classes.   There  are,  be  thinks,  many  more  species  of  ifwnges  io 


>  This  part  of  the  discourse  was  ilhistratod  with  tallies  suspended  on  the  walls, 
■which  the  spe-ikcr  hnd  compiled  from  the  writin^'^*  rif  Hronn,  Professor  Morris's 
Catalogue  of  iinti&h  Foftsils,  ami  the  Monograph  of  the  Palicoutographical  Society. 
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Defonthire  and  Cornwall  than  have  genmlly  been  recognised  i  aome 

have  never  been  described,  whilst  others  have  been  regained  as  corals. 
In  1843,  Mr.  Peach  brought  certain  fossils,  wliich  Mr.  Couch  had  then 
receiitly  discuvered  at  Folperro,  in  Cornwall,  before  the  geological 
section  ot  the  liriti^li  Association^  during  its  meeting  at  Cork  :  they 
were  pronounced  to  be  ichthyolites  ;  and  this  was  probably  the  more 
xeadily  believed  from  the  ftet  thai  it  was  well  known  that  the  con- 
temporary rodLs  of  Scotland  had  yielded  foisol  fish  in  great  nnmbers, 
and  there  seemed  no  reason  for  their  non-appearance  in  ComwalL 
Jlr.  Peach  traced  these  fossils  from  near  Fowey  harbour  to  Talland 
sands,  about  two  miles  we??t  of  Looe.  They  were  subsequently  fonnd 
by  the  speaker  along;  the  entire  south  coast  of  Coruw^all  from  7  a  I  land 
to  the  Karae  Head,  on  the  banks  of  the  river  Fowey,  at  Bodretlien  on 
the  north  coast  oi  Cumwull,  and  at  Mudstone  Bay,  near  Brixham,  iu 
Devonshire.  Specimens  were  sent  to  the  late  Mr.  Hugh  Miller,  who 
at  first  confirmed  their  idithyic  claims ;  but  subsequently,  in  a  paper 
read  before  the  Royal  Physical  Society  of  Edinburgh,  he  doubted 
^  whether  their  tme  place  in  the  scale  of  being  had  been  determinedy" 
and  pronounced  them  the  most  puzzling  thin^  he  had  ever  seen ; 
riddles  on  which  to  exercise  the  ingenuity  of  the  palceontologist." 
Soon  afterwards,  Professor  M'Coy  declared  them  to  be  sponge:} 
merely,  establisJied  for  thera  the  new  genus  Sffya/ttK/wti/temy  and 
showed  that  they  belong  to  two  species,  «S'.  Comubicum  and  S, 
CarUri. 

According  to  the  authors  of  the  Monograph  on  the  sutgect,  iesoed 

liy  the  Palceontographical  Society,  the  Devonian  rocks  of  Devon  and 
Cfornwall  have  yielded  49  species  of  fossil  corals,  belonging  to  20 
genera,  6  families,  and  3  sub-orders  :  3  of  the  spe<ues  are  also  found  In 
Silurian  rocks,  l)ut  no  carboniferous  forms  occur. 

Some  oi  the  species  had  a  greater  geographical  rnnn;,'  tluui  others. 
Favorites  Goldjussi,  for  example,  being  found  in  Uvvvuian  rocks  in 
Britain,  continental  Europe,  North  America,  and  New  South  Wales, 
bdng  in  fiict  the  most  decided  cosmopolite  amongst  them ;  whilst 
ChoTiophyllum  perfiUatum^  lilte  many  others,  appears  to  have  been 
confined  to  Britain.  It  seems  tolerably  safe  to  infer  from  this  fact  that 
the  former  possessed  hardier,  more  plastic,  and  (if  the  word  is  allow- 
able), more  adaptnhle  constitutions  than  the  latter;  and  were  more 
capable  of  enduring  such  a  variety  of  pliysical  and  tiiennal  conditions, 
as  in  the  present  phase  of  our  planet's  existence  may  be  said  almost 
invariably  to  accompany  removal  to  localities  bO  widely  separated  as 
Europe^  America,  and  Australia.  Nor  wo«dd  it,  probably,  be  con- 
sidered a  very  unwarrantable  extension  of  the  principle  here  involved, 
to  conclude  that  such  species  would  be  the  least  affected  by  the 
thermal  and  j)hysical  changes,  which  we  are  not  without  reason  for 
believing  considerable  lapses  of  time  have  always  produced  in  any 
one  and  the  same  given  area  ;  c! Kinoes,  not  improbably,  very  much  of 
the  Siime  character  obtainin^r  in  widely  separate^l  times  in  the  same 
locality,  as  in  widely  beparated  localities  iu  the  same  time.  Taking 
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this  principle  as  a  guide,  it  might  h;i\e  been  exj>ected  that  species 
having  a  wide  geographical  distributiuu  wuuld  be  equally  remarkable 
for  their  specific  longevity;  and  that  such  as  were  confined  to  a 
limUed  area  disappeared  from  the  stage  of  eiistenoe  in  a  oompaniitiTely 
short  time.  In  the  case  under  consideration,  Iiowever,  the  facts  do  not 
harmonise  with  soch  conclusions :  FavoriUg  Qoidfussif  finmd  in  the 
most  widely  separated  ])arts  of  flie  earth,  appears  to  have  commenced 
and  closed  its  existence  witliin  the  limits  of  the  T)f*ir>ntan  period  ; 
whilst  Chuniiphijlbtm  perfoliatum,  confined  geographically,  so  far 
a«  is  at  present  known»  to  the  Britiaih  area,  was  a  member  of  the 
SUurian  as  well  as  of  the  Devonian  fauna.  The  gigantic  si;&e  of  some 
of  the  comllams^.^ieoritef  GMfiuH  has  been  found  upwards  of  two 
tet  in  diameter'— seems  to  imply  that  the  climate  of  European  lati* 
tudea  was  warmer,  or  at  least  that  the  winters  were  less  cold,  during 
the  Devcman  age  than  at  present  The  fossil  coral  reefs  of  Torquay 
and  OfTwell  suj^^est  that  the  old  Devonian  sea  was  not  at  first  of  pro- 
tuund  depth,  that  is  if  then  as  ?iow  the  reef-buihiing  zoophytes  did  not 
labour  at  depths  exceeding  fathoms  ;  whilsi  tlie  facts  that  some  of 
the  limestone  sections  reveal  an  aggregate  Liackuess  greatly  exceeding 
this  depth,  and  that  every  stratum  in  them  is  richly  charged  with  fossu 
corals,  seem  explicable  only  on  the  supposition  that  the  area  was  one 
of  slow,  gradual,  and  long  continiied  subsidence. 

The  Pterygotus^  the  seraphim  "  of  the  Scotch  quarryraen,  does  not 
occur  in  Devonshire  or  Coniwall.  With  one  exception  only,  the  crus- 
taceans are  all  trilobites.  AraoTifist  tliem  that  named  Trimcrocephalus 
ia  vis  (xjcurs  under  somewhat  remarkable  circumstances.  So  far  as  is 
at  present  known,  it  has  been  found  only  in  one  locality,  namely,  on 
the  flanks  of  a  hill  called  Knowles,  near  Newton  Abbott,  in  South 
Devon,  and  no  other  fosril  of  any  kind  has  been  found  there ;  on  this 
point,  our  present  knowledge  is  expressed  by  saying,  there  is  but  one 
locality  for  the  fossil,  and  but  one  fossil  for  the  locality."  Many 
hundreds  of  specimens  of  it  have  been  found,  and  a  very  considerable 
number  of  them  have  passed  throtitrh  tlic  hands  of  tlie  speaker;  he  knew 
of  but  two  instances  in  which  the  liead  :l<  found  attached  to  tiie  thorax. 
On  splitting  a  stone,  and  thereby  disclosintj  nnc  of  these  trilobites,  ex- 
cepting in  the  two  cases  just  named,  the  head  was  not  visible  ;  or,  what 
was  very  much  more  finequentlv  the  case,  one  half  of  tlie  stone  was 
fimnd  to  oontain  the  thorax  and  tail  united,  and  the  impression  of  the 
head;  whilst  in  the  other  half  were  found  the  head  and  the  impressieii 
of  the  l)ody,  and  always  in  soch  a  way  as  to  show  that  the  head  had 
been  severed  from  the  body,  removed  a  short  distance  from  it,  (as  if 
drawn  or  pushed  forward,)  aiid  inverted ;  there  were  never  any  indica- 
tions of  eyes,  and  not  unfrequeutly  the  tail  appeared  somewhat  trunc- 
ated, as  if  its  terminal  margin  were  slightly  folded  under.  It  is  clear 
that  ail  inversion  of  the  head  might  liave  been  effected,  either  b^  a 
semi-rotation  at  right  angles  to  the  axb  of  the  body,  or  in  the  direction 
of  that  axis ;  but  as  the  anterior  margin  of  the  head  was  alwavs  Ibnnd 
nearest  the  tfaoiax,  it  is  dear  that  i&  motion  had  been  of  »e  latter 
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kind.  The  rock  in  which  the  fossil  occurs  has  been  proDonnced  by 
Mr. Sorby  and  others  to  be  a  volcanic  ash  ;  and  this  without  reference 
to,  or  kimwledc^c  of,  any  speculatiiJiis  respecting  the  facts  connecttKi 
with  the  trilobites.  Knowles  hill,  on  llie  ilaiiks  of  which  tliey  occur, 
is  a  mass  of  greenstone^  and  is  so  marked  in  the  map  published  by  the 
Geological  Survey. 

According  to  Burmeister  it  is  probable  that  these  animals  (tri- 
loUtcs)  moved  ooly  by  twiiDiiif  ng ;  that  they  swam  elose  tMoeath  the 
ma&ee  in  an  inverted  position,  the  belly  upwards,' the  back  downwards, 
and  that  they  made  use  of  their  power  of  rolling  themselves  into  a  ball 
as  a  defence  against  attacksfrom  above  ;  that  they^ved  gregariously  in 
vast  numbers,  chiefly  of  one  species."*  The  iacts  connected  with  tliis 
fossil,  which  have  been  described,  seem  capable  of  explanation  by  sup- 
posing that  a  shower  of  volcanic  ashes,  falling  into  the  ancient 
Drrofiian  sea  in  the  Newton  area,  alarmed  a  shoal  of  these  trilobites 
just  then  swimming-  by,  and  thereby  caused  them  instinctively  to  roll 
tlienisch  IS  up  for  defence;  that  the  continuation  of  the  shower,  and 
possibly  the  presence  of  noxious  gases,  killed  i\w  unfortunate  crusta- 
ceans in  the  roUed-up  posture ;  that  their  centre  of  gravity  was  so 
situated  as  to  cause  Uiem  all  to  sink  to  the  bottom  on  their  backs ; 
that  they  were  inhumed  in  the  heap  of  ashes,  which,  by  accamulating 
very  rapidly  and  in  great  quantity,  produced  a  pressure  sufficient  to 
flatten  the  body,  and,  with  a  few  and  ver^  slight  exceptions,  the  tall 
also,  to  dislocate  the  head  (the  line  of  union  of  the  httd  and  thofai 
being  the  line  of  least  resistance)  and,  aAer  the  manner  in  which  slaty 
cleavage  in  rocks  is  probably  produced,  to  thrust  the  head  some  little 
distance  in  advance  of  the  body.  By  such  a  process  the  head  would 
be  inverted,  and  in  such  a  ay  that  the  severed  parts  of  the  creature 
would  take  the  relative  positions  which  have  been  de^scril>ed. 

Though  with  the  exception  of  a  scale  of  holoptychius  found, 
according  to  l*rofessor  Phillips,  at  Aleadfoot,  near  Torquay,  ichthyo- 
lites  are  not  recorded  as  occuiTing  in  the  Devonian  rocks  of  Devon 
and  Cornwall,  it  is  nevertheless  certiun  that  fish  did  exist  within  the 
area,  at  the  time  under  consideration.  The  speaker  exhibited  a  fossil 
which  he  had  found  in  the  Devonian  slates  at  Looe,  in  Cornwall,  and 
which  Sir  Philip  Egerton,  and  other  eminent  palaeontologists,  had  pro- 
nounced to  be  an  ichthyodorulite,  or  defence-spine  of  a  fish. 

In  conclusion,  Mr.  Pengelly  remarked,  that  the  time  to  which  he 
was  limited  had  compelled  him  to  be  more  hurried  in  his  descriptions 
tlian  he  could  have  wished,  to  omit  all  mention  of  the  echinoderms,  and 
the  various  classes  of  shells,  more  or  less  abundant  amongst  the  fossils 
he  had  been  considerinpr,  and  had  only  allowed  htm  to  strike  ct  rtain 
veins  of  thought  which  it  would  have  been  desirable  to  have  worked 
thoroughly. 

[W.  P.] 


*  Bamieistei^s  Trilobites,  Ray  Society,  page  5S. 
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WEEKLY  EVENING  MEETINQ, 

Friday,  June  1,  I860. 

Sir  Rodeeick  I.  MmcHnoEi  D.C«L«  F.BiL  Tioe-Preridenty 

ID  the  Chair. 

JoBH  Ttitoaij.^  Esq.  F.BJ9* 

nonmom     unnu&  mutotHr,  wmesx  imimiwi. 
HemarkM  on  mme  AipUm  PhtnomauL 

The  diflCouTse  consisted  of  an  account  of  a  winter's  expedition  to  the 
Alps,  iii)dertaken  at  the  close  of  December  1859.  The  speaker 
remained  two  nights  at  the  Montanvert  j  and  determined  witli  a 
tluMMiolite  the  motion  of  the  Mer-de-glace.  Tliis  aniountod  to 
about  uue- half  of  tbe  summer  motion,  and  exhibited  the  resulti^,  ad 
regards  the  qucker  motiini  of  the  centre,  established  by  meBsaremeDts 
made  in  sDminer.  He  deMsribed  the  crystals  of  the  snow  which  fell 
almost  without  intermission  during  the  progress  of  the  measurements. 
He  afterwards  visited  the  vault  of  the  Arveiroo,  and  found  a  turbid 
stream  issuing  from  it.  indicnting  that  even  in  winter  the  motion  of  the 
glacier  along  liB  bed,  by  which  the  rocks  over  which  it  passes  are 
ground,  is  not  suspended  even  in  winter. 

The  gorgeous  crimson  of  the  western  heaven,  as  observed  from  the 
vault,  gave  occasion  ior  some  observations  and  experiments  on  the 
eoloor  of  the  sky.  The  hypotheses  of  Newton  and  Goethe  were 
referred  to,  as  were  also  the  memoirs  of  Claiisius  and  Brficke.  It  was 
eiplained  that  the  blue  of  the  firmament  is  due  to  reflected  light,  and 
the  morning  and  evening  red  to  transmitted  light.  The  possible  action 
of  particles  sue  pen  ded  in  the  ntmosphpre  was  illustrated.  A  solution 
of  mastic  in  alcohol  recomiiH uded  by  Briicke  was  dropped  \u\o  water, 
and  the  resin  precipitated  :  light  reflected  by  the  liquid  coniaiuing 
these  particles  appeared  blue;  while  the  transmitted  light  appeared 
yellow,  and  on  increasing  the  precipitate  deepened  to  orange,  and 
became  finally  blood  red.  Plrofessor  Forbes  has  made  the  interesting 
observation  that  steam,  at  a  certain  stage  of  its  condensation,  is  Una 
by  reflected  and  red  by  transmitted,  light. 

The  colour  of  milk,  of  the  juices  of  many  plants,  and  of  the  colour 
of  a  blue  eye  were  also  referred  to  as  illustrative  of  the  same  action. 

[J.  T.] 
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GENERAL  MONTHLY  MEETING, 
MoDdajy  June  4^  I860. 


Sib  Bodkrigk  L  MuBCHnoir,  D.C.L.  F.RS.  Vioe-Praiideot, 

in  the  Chair. 

Charles  Gibbes,  Esq.  and 
Miw  Sarah  Gibbea 

were  duly  elected  Members  of  the  Boyal  Institution. 

Thomas  B.  Andrews,  Esq.  and 
George  B.  Budcton,  Esq.  F.R.S, 

were  admitted  Members  of  the  Boyal  Institution. 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thauks  of  the  Members  returned  fur  the  same :  viz. 

From 

ArtM,  Society  of-^oontl  for  May  IMO.  Srvk 

Agronomical  Society,  Royal — Proceedings,  No.  6.    8vo.  1860. 

Boosey,  3f<?ws.  (Mc  PuMj.s/irrs)— The  Musical  World  for  May  1860.  4to. 

Chemical  Society — Journal,  No.  49.    Svo.  1860. 

Civil  Engineer*,  Institttte  o^— Proceediqg^  hi  May  1860.  Svow 

JEUi^ors— Artizan  for  May  1860.  4to. 

Athenffiom  for  May  1860.  4to. 

Eugioeer  for  May  I860.  Ibl. 

Horological  Joamal,  No.  22.   SvOb  I860. 

Journal  of  Gas- Lighting  for  May  1860,  4to. 

Mechanics'  Magazine  for  May  1860.  Svo. 

Medical  Cireolar  for  May  1860.  8m 

Practical  Mechanics'  Journal  for  May  1 860.  4to. 
£Uiot,  John  L.  Eaq,  MM,I.  ^ihe  Authory-A  Few  Woida  oo  the  Reform  Ml. 

8vo.  1860. 
Faruday,  Pnfeator,  D.C.L.  F./J.S.— 

Imperial  Academy  of  Scienoeiy  Yisnna  S— 
Statttten.   4to.  1859. 
Atmuaeh.  1859.  Itmo. 

Atlas  der  Hantkrankheiten :  Llefemng  III.   fol.  1859. 
Math.  Nat.  Classe— DenkschrifWn :  Band  XVII.   4to.  1859. 

SiUungsberichte.    1859.   No.  10-28.   8vo.  1859-60. 
Jahrbacher  der  K.  K.  Central-Aialalt  sur  Mateocologia  und  BrdflBagaeli^ 
mus.    Band  VI.    4to.  1859. 
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Jfarkie.  S.  J.  Eaq.  F.C.S.  (the  EdUory-The  Geologist,  May  1860. 
AewioHf  AIe$tn. — Loodou  Joanial  (New  Series),  for  Maj  1860.  8to. 
IMlo,  Mr.  (rt*  P«&Biitr)— The  Mmietl  Timca  for  May  1860.  4to. 
Petermann^  A.  Esq.  {the  J>fi7cr>— Mltthelluugen  auf  dem  Owimilltgfti<te  d«r 

Geographie.    1860.    Hi-ft  5.    4to.    Gotha,  18G0. 
Phillips,  John,  Esq,  {the  Author) — Address  to  the  Geological  Society,  Feb.  17, 

1860.    8V0.  1860. 
Photographic  Society— Jonmtlf 'So,  97.    8vo.  I860, 
i^a/^ot-ie^^— Proceedings,  No.  38.   8m  1860. 

TVanactioDS,  Vol.  CZLIX.  Fart  2.  4t0b  1860. 
l?«yoi  Society  of  Ziimi/urc— Transactions,  Vol.  VI.  Part  3.    Sro.  1859. 
V«reir^^  zur  BefSrdenmg  de§  Chiovhfigimt  ta  Prssiifa   VerhntHllm^n,  JazL  and 

Feb.  1860.  4tO. 

Walker,  A.  I)e  Ao<  />;.  MJtJ^k  Q&um  Chrestomalliy  ID  fSb»  Guloo  Dia* 

lect.    By  E.  C.  iSridcrmriTi.    4to.    Macao.  18il. 
H'ra/e,  Johji,  E»q.  (ihe  i'til/^t/ier)— Seven  Volumes  of  his  iikiacational  SeriM 

(Clanical  liceratofa).  letow  185!Ma 
Tbto,  Jame$,  E**].  F.E  S  and  the  Rev.  A.  Barrett  (ihe  ylalAort^— Illlpra?«lliaita 

in  Arithmetic  (by  the  Decimal  Systera).    8vo.  1860. 
YofksJiire  FkHosophiad  Society — Annual  lieport  fur  1859.    Svo^  1860. 


W££KLY  £V£NI1^G  ME£TI:NG, 

i  tidsLy,  June  8,  1860. 

The  Duke  of  "Wellington,  K.G.  D.C.L.  Vice-President, 

in  the  Chair. 

Paofessor  Faraday,  D.C.L.  F.R.S. 
On  th£  EUctrie  Silk-Loom. 

**  Illustbans  Commoda  Vit.+:5"*  the  motto  of  the  Royal  Institution, 
was  made  the  ruling  principle  on  this  the  last  evening  of  the  season  ; 
an  account  being  given  of  the  application  by  M.  Bouelli  of  electricity, 
to  the  aerrioe  of  tho  figure  weaTing-loom.  The  aatoniabuig  oon^tioii 
of  perfecttoD  to  which  M.  Jaoquard  had  brought  the  ailk-loom,  lo  thst 
artists  of  the  highest  rank  could  not  without  mioute  inspectioD  ^Uftiu- 
guish  its  results  from  the  most  perfect  engraving,  and  the  manner  in 
which  he  taught  tli(  weaver  to  construct  a  series  of  Ciirds,  and  then  to 
use  them  automatically,  so  a,s  to  produce  as  often  as  he  pleased  the 
design  wl»ich  they  represented,  are  well  kno\v]i.  Any  effect  of  pat- * 
tern,  either  simple  or  complicaLed,  wliich  is  produced  in  the  woven 
ftbric  depends  upon  the  manner  in  wUch  the  threads  of  the  warp  are 
Msrmted  before  the  weft  is  thrown,  and  the  succenive  reanangementi 
of  the  warp  threads  which  are  brought  about  each  time  the  shuttle  ia 
paased.  A  single  thread  of  the  weft  therefore  represents  an  element 
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of  the  design  ;  and  in  the  Jacqunrd  loom,  cacli  of  these  reqtiirod  a  card 
pierced  in  a  certain  order,  which  being  brought  against  ttie  ends  of  a 
set  of  horizontal  rods,  allowed  some  to  remain  undisturbed,  wliilst 
otliers  were  pushed  (ui  one  side.  By  the  action  of  the  pedal  the  warp- 
tli reads  associated  with  the  undisturbed  rods  were  raised  and  those 
belonging  to  the  displaced  rods  were  left  unmoved ;  and  to  do  this 
rightly,  a  separate  ptensed  card  was  required  for  eyery  thread  that 
crossed  the  warp  wiUiin  the  extent  of  the  pattern.  Frequently  some 
thousands  of  cards  are  needed,  and  for  the  production  of  a  woven 
portrait  of  M.  Jacqnard,  in  black  and  white  silki  as  many  as  24,000 
were  employed. 

Aftor  a  de'«!p;n  has  been  decided  upon,  it  has  to  be  coiiverled  into 
these  Citrds,  one  ior  each  thread  of  the  weft  included  in  the  design  ; 
the  preparation  and  piercing  of  them  requires  much  care  and  time, 
after  which  they  have  to  be  linked  together  as  an  endless  chain  in 
their  proper  order.  It  is  to  replace  this  part  of  the  weaving  arrango* 
ments  that  Mr.  Bonelli  has  applied  his  attention,  and  the  peculiar 
power  of  electricity.  Instead  of  the  many  pierced  cards,  he  has  but 
one  card,  or  rather  its  equivalent,  a  convertible  plato  of  brass  ;  whicli 
b«Mng  pierced  with  the  full  number  of  holes  required  (which  in  the 
luuiii  in  actiuii  vvius  4(X))  can  have  these  holes  either  stopped  or  left 
open  so  as  to  reprebcnt  by  its  successive  changes  of  condition  the  suc- 
cessive cards  of  the  Jacquard  series.  To  obtain  this  effect,  tin  foil  is 
attached  strongly  to  paper,  so  as  to  form  a  compound  flheet.  The 
d^ign  is  then  drawn  upon  the  metallic  surface  with  black  bituminous 
varnish,  and  the  sheet  is  made  into  an  endless  band,  which  being  placed 
upon  a  roller,  and  kept  in  its  position  by  stops,  moves  as  the  roller 
moves,  being  carried  forward  by  its  motion.  A  set  of  teeth  rests  upon 
the  top  of  tliis  roller,  toueliiup  the  pattern  in  a  line  ;  they  ore  made  of 
thin  brass  plale,  so  thin  that  400  of  them  do  nut  occupy  more  than  16 
or  17  inches,  ue,  the  width  of  the  design  on  the  roller ;  yet  so  separate 
that  each  is  insulated  from  its  neighMur  by  little  interposed  teeth  of 
ivory;  and  so  large  and  therefore  weighty  as  to  fall  and  rest  upon  the 
pattern,  making  good  electrical  contact  where  the  tin  foil  is  exposed, 
but  being  insulated  where  the  bituminous  pattern  intervenes. 

liehind  these  teeth  ore  4(K>  sm;\11  electro-magneto  fixed  in  a  frame- 
>vrirk,  parallel  to  each  other,  and  insulated.  The  tine  covered  wires 
which  constitute  their  helices  are  connected  at  one  set  of  ends  with 
the  teeth  just  described,  each  with  a  tooth ;  whilst  the  otiier  ends  are 
brought  together  and  made  Uat  to  one  metallic  plate  and  wirsu 
Tracing  this  wire  onwards,  it  conies  to  an  intermptor  or  contact-maker 
from  whence  the  metallic  comnitmication  proceeds  to  a  screw  appointed 
to  communicate  with  one  end  of  a  five-celled  Bunsen  batterer,  the  other 
end  of  which  communicates  with  ;i  serew  nenr  the  former.  This  screw 
has  a  wire  })r<)reeding  from  it  to  two  insulated  teeth,  like  the  teeth 
bearing  upon  tlie  pattern,  but  heavier;  and  these  rest  upon  the  un- 
covered edges  of  the  tin  foil  at  the  sides  of  the  pattern,  so  as  to  keep 
up  a  constant  electric  communication  with  it.   By  simple  but  ^erM 
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and  ^cure  mechanical  armngemenfs,  tlie  following  movements  and 
results  take  place  in  this  part  of  the  apparatus.  As  the  pedal  descends 
under  the  weaver's  foot  at  a  certaio  time,  the  400  teeth  descend  upon 
the  pattern ;  then  the  clfcuit  is  oompleted  at  the  iDterroptor  in  the 
single  wire ;  the  eleetric  current  passing  through  that  wire  is  divided 
into  as  many  portions  as  there  are  teeth  touching  the  metal  in  the  line 
of  pattern  under  realization  ;  it  niak^  all  the  electro-magnets  sur- 
roun<!ed  by  those  wires  active,  leaving  the  others  non-magnetic;  and 
then,  as  the  foot  is  raised  and  the  movements  return  in  their  course,  the 
interruptor  is  first  separated,  which,  causing  all  current  to  cease,  the 
magnets  lose  their  power,  the  teeth  are  raised  from  the  pattern  ;  and 
then  the  cylinder  carrying  it  moves  forward  just  so  much  as  to  give 
the  new  line  of  pattern  for  the  teeth  to  search  out  electrically  (the 
next  time  they  descend)  which  corresponds  to  the  next  cast  of  the 
weft  thread.  Because  the  pattern  never  moves,  whilst  it  is  in  contact 
witli  the  teeth,  U  is  not  cnt  or  worn  by  them  :  becaii?iG  the  current  is 
made  by  the  interruptor  after  the  teeth  are  in  contact,  aiul  b*  fore 
they  are  separated,  no  fusion  or  burning  of  the  metal  occurs  at  the 
teeth  ;  and  because  there  is  a  tongue-like  wiper  or  brush,  whicii  ut 
the  right  time  passes  under  the  teeth,. susfadna  them,  and  from  off 
..  which  they  rub  on  to  the  pattern,  there  is  never  any  want  of  cleanliness 
or  of  contact  there. 

Aicociated  with  these  400  magnets,  and  in  the  same  line  with 
thera,  are  400  cylinders  of  sof>  iron,  called  pistons ;  they  are  carried  in 
a  frame  which  moves  to  and  fro  horizontally  between  the  magnets  and 
tlie  horizontal  rods  belonging  to  the  suspensions  of  the  warp  threads ; 
and  they  move  towards  the  magnets  at  a  time  so  adjusted  as  to  coincide 
with  the  passage  of  the  electricity  round  its  circuit :  they  find  therefore 
some  of  tiie  magnets  excited,  beoiuse  theSr  teeth  touch  the  metal  the 
pattani ;  and«  as  the  box  of  pistons  begins  to  return  before  the  current 
is  interrupted,  such  of  the  pistons  as  have  touched  excited  magnets  are 
retained  or  held  back,  whilst  the  others  have  returned  in  their  course ; 
the  pistoTis  therefore  are  divided  into  two  intermixed  groups,  of  which 
the  one  f]^r()iip  is  perhaps  half  an  ineli  behind  the  other.  jNow  comes 
in  the  action  of  the  }>erforated  brass  jilnte.  which  is  to  be  converted  for 
the  tinae  into  the  equivalent  of  the  particular  Jacquard  caid  required. 
It  Is  a  vertical  pkte,  associated  with  the  extremities  of  the  pistons 
ftrthest  from  the  electro-magnets:  it  can  move  up  and  down  to  a  small 
extent :  it  is  pierced  by  400  circular  holes.  The  400  pistons  have 
eadi  a  head  or  button,  which  can  pass  freely  each  through  its  corre- 
spondent hole  when  the  plate  is  up,  but  is  stopped  at  tlie  hole  when  the 
plate  18  down,  and  then  effeetnally  closes  it.  Now  the  time  is  so  ad- 
justed, that  when  tlie  box  of  pistons  has  moved  so  far  forward  as  to 
cause  separation  of  the  two  groups,  the  plate  descends,  and  by  lucking 
such  of  the  heads  as  belong  to  the  unretained  eruup,  tills  the  corre- 
spondent holes,  whilst  the  heads  of  the  retained  group,  being  already 
Mind  their  holes,  have  left  them  open ;  and  so  £e  Jacquara  plate  is 
fimned,  and,  moving  a  little  further  it  acts  on  the  Imrixcntal  rods 
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before  mentioned,  and  haviDg  b)'  that  arranged  the  8us)k  nders  of  the 
warp  threads,  it  then  goes  back,  or  towards  the  electro-niaj^nets,  to  take 
up,  under  tlie  influence  of  the  currents  of  electricity  tlirough  the  «elect- 
iug  teeth,  the  new  arrangement  of  apertures  required  for  lite  next  cast 
of  the  wcift  thread. 

The  ute  of  electricity,  for  the  parpoee  of  reeding  olT  the  dengn  and 
conveying  it  into  tlie  loom  involved  many  pecuUaritiei,  conditions,  and 
difficulties.  These  were  considmd ;  and  the  manner  in  which  they 
were  either  turned  to  advantage  or  overcome,  was  illuatrated  by  large 
and  separate  ezperimeots. 

[M.  F.] 


6BNEBAL  MONTHLY  MEETIKG, 
Monday,  July  2,  18G0. 

WiLLiAK  Pole,  Ek).  M.A.  F.R.S.  Treasurer  and  Vice-Preddenl^ 

in  the  Chair. 

The  Special  Thanks  of  the  Members  were  returned  to  His  Graee 
the  Duke  of  Wellington,  K.G.  Vice-President  RL  for  his  valuable 
present  of  an  Electrotype  fifom  a  maslc  taken  from  his  kte  Father, 
P.M.  the  Duke  of  Wellington,  after  his  decease* 

The  Fumbhtb  lecdved  sboe  the  .last  Meeting  were  laid  on  the 
taUe^  and  the  thanks  of  the  Members  letonied  for  the  same:  vis. 

Fboh 

H»  MajetiyM  GoMmnMiil-^Magiielifial  and  Meteoio1egl«l  OVissrvatioiiB  st  8L 
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The  Secretary  0/  Slate  for  India — Catalogue  of  Lepidopterons  Insects  in  the  hMA 

India  House  Mufleom.    Vol.  II.   Svo.  1858-9. 
Cimmimimers  in  Lunacy — Fourteenth  Report.   SrOb  1800. 
Atutr  f,  /Vrfrw  D.  T.  (the  Author)— hMUm  €0  the  Dssfty  and  PicssTfatiop  «f 

liuUdiDg  Materials  ^Stooe).  1860. 
ArU,  Socuty  of—Jovrnm,  June  1860.  8va 
Asiatic  Society     Benail--JaaTri!i\,'So.  27G.   Svo.  1860. 
Agronomical  S^riH>f,  Hoi/al — Proceedings,  No.  7.    8vo.  I860. 
Belgique,  Acadtmie  lioi^LiU  des  Sciences — Bulletiu  dt;8  Sciences.    1859.  bvo. 

Aimaaire.    1860.  16to. 
Bengal,  Director  of  Puhlir  /«,<j/ufmn— Report  for  1857-8.    Pvo.  1859. 
JJooaeyf  Memi.  {tltt  Fubiishers}— The  Musical  World  for  June  1860.  4to. 
British  Anoeiatitm  for  the  Aavameement  qf  Science — Report  of  the  TweDtj-niadl 

Meeting,  held  at  Aberdeen,  September  IS."  >.    8vo.  1880. 
Chambers,  G,  F.  Esq.  \f  H  I.— The  U£s  ofikiber,  £mperor  of  Hiwiostai^  bj 

B.M.Caldeoott.  8vo.   1844.  , 
VmUtt  Dr,  (jtkt  AwAary-Hmaaa  HaUtatoi  hi  BetoticB  to  Health.  4lo.  186a 
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JWir-^rT— Amencan  Journal  of  Scioioe,  by  B.  SiUiiaaii,  &c.  for  I860.  8to. 
x\itizaii  iur  June  iSiiO.  4to. 
Atheiucatii  for  Jnne  1860.  ittt. 
Kngint'cr  for  June  ISCO.  fol. 
Jouj-Dal  of  (ias-Lij^hting  for  June  1860.  4to. 
Meehaidc^  Magazine  for  June  1860.  8vo. 
Medical  Circular  for  June  18(*iO.  8vo. 
Practical  Mechanic's  Jonrnnl  for  June  18G0.  4to. 
EnuneUt  General  A.  if.A./.    Army  Keguladons.    8vo.  1844. 
Cormontain^,  Mar^chal  de,  Q^uvres  Poethnmes.   9  vols.   Sra   Parby  1809* 
D'Ar<;ou,  Michaud,  on  Fortifications.    8vo.  1815. 
Mandar,  C.  F.  Architecture  d«»  Fortercsses.   8vo.   Parig,  1801. 
Bogniitt,  Baroo  J.  OoondiFationt  mr  TArt  de  la  Guerre.  Sto.  Paris,  1816. 
Journal  du  Siege  de  Bergopzoom  en  1747.    I  Sto.    Amsterdam,  1750. 
Rohan,  IT.  De,  Le  Parfait  Captaine  (Abr^  del  Ooeme  de  CeiMr);  et  V  Inlenit 

des  Princes.    16to.    Paris,  1641. 
Montecuculi,  R.  I)e,  Mimoires.    12iiio.   Strasbourg,  1740. 
Dictiormairc  Militairc.      vols.    l!?Tno.    Paris,  1745-6. 
Blois,  £.  De,  Traite  des  Bombardemeots.   8vo.   Paris,  1848. 
Gtillthi»  F.  A.,  Aitillerief e  Maiiiial.  16tow  1852. 
Gilbert,  A.,  (Euvres  Militaires.   5  yols.   8vo.   Paris,  1803. 
Gav  (1h  Vernon,  J.,  Traitd  de  I'Art  Militaire,  i  Taaage  de  I'Ecole  Polytechniqae. 

2  vols.    4to.    Paris,  1SU5. 
Plans  et  Journaux  des  Sieges  de  la  demiere  Guerre  de  Fllindres.   4lo^  1760. 
Moii/i' .  Mnjiir,  Traite  de  Fortification  Souterraine.    4to.    Paris,  1804. 
Simmons,  F.,  On  Heavy  Ordnance,  HoUow  Shot,  and  Naval  Guxuicry,  &o« 

Svo,  1887-9. 
MUilMry  Tracts.    2  vols.    8vo.    (K.  84,  85.) 

FrcDch  Bulleliiu  reUling  u>  the  War  in  HomU.   1813.  I 
CamiMgnc  de  l*Axmi»  Fniiuu!:^'  en  PortugsL   IBle.  \ 
Olnad.P.,(>inn8Md«fuiseiilSU,  ISM,  ) 
Bognfac,  Ocn..  OoilaQiMitlon  en  A1«A1e  «t  dw  FortlflcattoBt  pit).  \ 
pres.  sc.   I'axii,  8vo.   1S40.  J 
InAtmction  sar  le  SiTvicv  ilu  ( n>tiio  <'ii  Cuiupagne.  1^25.  I 
Pooxuet,  M.,  Iiislrui  ll<  ns  sur  Uh  Kffets  <k'S  Boucbes  h  feu.    1828.  | 
French  Instnic  iions  iur  Ui«i  i)«feuce  of  Fortresses  ia  1813;  and  of  r 
Open  TowoM  in  r-<14  ;  Translated.  1834.  | 
Puiiqrf  C.  B.,  MetlMid  of  Loading  and  Tluowlng  Hand  Ofenades,! 
lttliaifMcm«fT«li!pi9lis,lsSS;«oBlaitta«aBd8rWaler.l8ac.  J 

Faraday,  Profeaaor,  D.C.L.  F.i?.S.— Monattberidile  der  Akademie  der  Wiveii- 

schaRen  zu  Berlin;  Feb.  Miiz  iind  April  18G0.  8vo. 
Franklm  lauUute  of  PejnMty/voMta— Journal,  VoL  XXXIX.  No.  5.   8vo,  i860. 
HortievkmralSocietifofIamhii^Pneiedings,lfm.9-'l9.  8vo.  1860. 
ifajteoii  Soctrtv— Journal,  No.  17.    Svo.  1860. 
Alackie,  S.  /.  jRst].  F.G.S.  (the  Editor)— The  Geologist,  June  1860. 
Manchester  Lilerar^  a$td  I'hiUfsopkical  Socielg — Memoirs  (Second  Series),  Vol.  XV, 

Part  2.   8vo.  1860. 
Proceeding?:,  1859-9.  8vo. 
Manxt,  fV.  M.JJ»  FJLS.  {ihe  .^ulAor)— Experimental  Inquiry  into  the  Actios  of 

Aleobd  on  the  Nervona  Syitem.  8vo.  1880. 
Mend'citjf  Socieijf — Report,  1860,  Svo. 

New  Granada  Society  of  Nat'frfflists — Boletin,  Svo.    lV>;r()t:l,  18G0. 
Newton,  Messrs. — London  Journal  (New  Serteii),  for  Juuti  1860.  8vo. 
Nwtllo,  Mr,  (the  PttUUker)—The  Musical  Times  for  June  1860.  4to 
Peiermamt,  A .  Esq.  (the  Mittheilungen  auf  dein  Qennuntgelnele  der 

Geograpliie.    I860.   Heft 6.   4to.   Gotha,  1860. 
Photographic  Society-^itmaX,  No»  88.   8va  I860* 

Jj^oflM,  Accademia  P<mt\ficia  de'  Nmvi  X«acei^Atti,  Anno  XI.  Sea,  7 ;  Anno  ZU. 

S'.'ss  1,  2,  3.    4(o.  1858-9. 
Statistical  Society— J onm&l.  Vol.  XXUI.  Part  2.   8vo.  I860. 
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WEEKLY  EVENING  MEETING, 

Friday,  May  18,  1860. 

CflA&LES  Whsatstone,  Esq.  F.R.S.  Vice-rr^deut,  in  the  Chair. 

Paof£ssoE  William  Thomson,  F.B.S. 
Om  Atmoipherie  EUeirieiiifn 

Stephen  Ghat,  a  pensioner  of  the  Charter-house,  after  many  years  of 
enthtisifistic  and  persevering  devotion  to  electric  scienoe,  closed  his 
philosophical  labours,  about  130  years  n^ro,  with  the  following  remark- 
able conjecture :  **  That  there  may  be  luuiid  a  way  to  collect  a  greater 
quautity  of  the  electrical  fire,  and  consequently  to  increase  the  force 
of  that  power,  which  by  several  of  theie  experiments^  H  Ueet  magna 
comupmen  ponrts •  seems  to  be  of  the  same  natnie  with  «hat  of  thunder 
and  lightning." 

The  inventions  of  the  electrical  machine  and  the  Leyden  phial 
immediately  fulfilled  these  expectations  as  to  collecting  p-reater 
quantities  of  electric  tire  ;  and  the  surprise  and  drli^lit  which  they 
elicited  by  their  mimic  lightninirsi  and  thunders,  and  above  all  by  the 
terrible  electric  shock,  had  scaicely  subsided  when  Franklin  sent  his 
kite  mesMoger  to  the  elonds,  and  demonstrated  thai  tiie  imagination 
had  been  a  true  guide  to  this  gfeat  scientific  disooveiy^the  identity  of 
the  natural  agent  in  the  thunderstorm  with  the  mysterious  influence 
produced  by  the  simple  operation  of  rubbing  a  piece  of  amber,  which 
two  thousand  years  before  had  attracted  the  nttcntion  of  those  philoso- 
plters  among  the  ancieats  who  did  not  despise  the  small  things  of 
nature. 

The  iuvestigatiou  of  atmospheric  electricity  inunediately  became  a 
▼erj  popular  branch  of  natural  science  ;  and  the  discovery  of  remark* 
aUe  and  most  intereeting  phenomena  qmckly  rewarded  its  cultivatois. 
The  foundation  of  all  we  now  know  was  completed  by  Beccaria,  in  liis 
observations  on  '^the  mild  electricity  of  serene  weather,"  nearly  a 
hundred  years  ago.  It  was  not  until  comparatively  recent  years  that 
definite  quantitative  comparisons  from  time  to  time  of  the  electric 
quality  maniiested  by  the  atmosphere  in  one  locality  were  first 
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obtained  by  the  application  of  l^eltier's  mode  of  observation  with  liis 
metrical  electroscope.  The  much  more  accurate  electrometer,  aiid 
the  greatly  iaiproved  mode  of  observation  invented  by  Debnann,  have 
given  for  the  electric  intensity,  at  any  instant,  still  more  precise  results ; 
but  have  left  something  to  desire  in  point  of  simplicity  andeonvenieDoe 
Ibr  general  use»  an)]  Ikivc  imt  afforded  any  means  for  continuous  obser- 
vation, or  for  the  introduction  of  self-recording  apparatus.  The 
gp<»aker  had  attempted  to  supply  s(mie  of  these  wants,  aiul  \\<^  rxj^lniiicd 
the  cuiistructioH  and  use  of  itistruuietiLs  which  he  had  plouued  for  thi* 
purpose,  wliicli  were  now  exliibitid  to  tlie  meeting. 

Apparatus  for  the  obi>ervutiuu  of  atmospheric  electricity  ha^ 
essentially  two  functions  to  perform ;  to  electrify  a  body  with  some 
of  the  natural  electricity  or  with  electricity  produced  by  its  influence  $ 
and  to  measure  the  electrification  thus  obtained. 

The  measuring  apparatus  exhibited  consisted  of  three  electrometera, 
which  were  referred  to  under  the  designations  of  (T.)  The  divided 
ring  reflecting  electrometer.  (II.)  The  common  house  electrometer; 
and  (111*)  The  portable  electrometer. 

(1.)  The  divided  ring  reflecting  electrometer  consists  of: 

(1)  A  rittff  of  metal  divided  into  two  equal  parts  of  which  one  is 
insiuatedy  and  the  other  connected  with  the  metal  case  {S)  of  the 

instrument. 

(2)  A  very  light  needle  of  sheet  aluminium  hung  by  a  fine  glass 
fibre,  and  cminter]X)ised  80  as  to  make  it  project  only  to  one  side  of 
this  axis  of  suspension. 

(3)  A  Leydeu  phial,  consisting  oi  an  open  ghu$s  jar,  coated  outside 
and  inside  la  the  usual  manner,  with  tlic  exception  that  the  tinfoil  of 
the  inner  coating  docs  not  extend  to  the  bottom  of  the  jar,  which  is 
occupied  instead  by  a  small  quantity  of  sulphuric  acid. 

(4)  A  stiff  straight  wire  ri^dly  attached  to  the  aluminium  needle^ 
as  nearly  as  may  be  in  the  line  of  the  suspending  fibre,  bearing  a  li^ 
platinum  wire  linked  to  its  lower  end,  and  hanging  down  so  as  to  dip 
into  the  sulphuric  acid. 

(5)  A  case  protecting  tlie  needle  from  currents  of  air,  and  from 
irregular  electric  actions,  and  maintaining  an  artificially  dried  atmo- 
sphere round  the  glasi>  pillar  or  pillars  supporting  the  insulated  half 
ring  and  the  uncoated  portion  of  the  glass  of  the  phial. 

(6^  A  light  stiff  metallio  electrode  projecting  from  the  insulated 
half  nng  through  the  middle  of  a  small  aperture  in  the  metal  csse^  to 
the  outside. 

(7)  A  wide  metal  tube  of  somewhat  less  diameter  than  the  Leyden 

jar,  attached  to  a  metal  rir^j:^  Ixjrne  by  its  itisrde  coating,  and  standing 
up  verlically  to  r\  few  inciies  above  tl)C  level  of  the  mouth  of  the  jar. 

(8)  A  stiti  wire  projecting  horizontally  from  this  metal  tuhe  al)ove 
the  edge  of  the  Leyden  jar,  and  out  through  a  wide  hole  in  tlie  case 
of  the  instrument  to  a  conveoieut  position  for  applying  electricity  to 
chaige  the  jar  with. 
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(9)  A  very  light  glass  mirror,  about  three-quarters  of  an  inch 
diameter,  attached  by  \i»  back  to  the  wire  (4),  and  therefore  rigklly 

connected  with  the  altiminium  needle. 

(10)  A  circular  aperture  in  the  case  shut  by  a  convex  lens,  and 
a  long  horizontal  slit  shut  by  plate  glass,  with  its  centre  immediately 
abofie  or  below  that  of  the  lens,  one  of  them  above,  and  the  other 
equally  below  the  levei  of  the  eentre  of  the  minor. 

(1 1)  A  large  aperture  in  the  wide  metal  tube  (7)t  on  a  level  with 
the  mirror  (9),  to  allow  lig^t  turn  a  lamp  oataide  the  case,  entering 
through  the  lens,  to  fall  upon  the  mirror,  and  be  reflected  out  through 
the  plnte  glass  window  ;  and  three  or  four  fine  metal  wires  stretched 
across  this  aperuirc  to  screen  mirror  from  irregular  electric  influ- 
ences, without  sen&ibiy  diminishing  the  amount  of  light  falling  on  and 
reflected  ud  it. 

The  divided  ring  ( 1 )  is  cut  out  of  thicfc  strong  sheet  metal  (gene> 
rally  biam).  Its  outer  ffiameter  is  abont  4  inehesi  its  inner  diameter  2i; 
and  it  is  divided  into  two  eqnal  parts  by  catting  it  along  a  diameter 
with  a  saw.  The  two  halves  are  fixed  horizontally ;  one  of  them  on  a  firm 

metal  support,  nnd  the  other  on  glaffs,  so  as  to  retain  as  nearly  as  may 
be  their  original  relative  ])(>siti()ii,  with  just  the  saw  cut,  from  ^  Xo 
of  an  inch  broad,  vacant  between  them.  Thry  nre  placed  with  their 
common  centre  as  n^irly  as  may  be  in  tiie  axis  ul  the  case  (6),  wiiich  is 
cylindrical,  and  phiced  vertically*  The  Lejden  jar  (3^,  and  the  tube 
(7),  carried  by  its  inside  coatlngi  have  their  common  axis  fixed  to  coin- 
cide as  nearly  as  may  be  with  that  of  the  case  and  diviilod  ring.  The 
glass  fibre  hangs  down  from  above  in  the  direction  of  tliis  axis,  and 
supports  the  needle  about  an  inch  above  the  level  of  tlio  dividpfl  rm^. 
The  stiff  wire  (4),  attached  to  the  needley  hangs  down  as  nearly  as  may 
be  ailong  tiie  axis  of  the  tube  (7). 

Before  using  the  instrument,  the  Leyden  phial  (3)  is  charged  by 
means  of  its  projecting  electrode  (8).  When  an  electrical  machine  is 
not  available,  this  is  very  easily  done  by  the  aid  of  a  stick  of  vulcanite, 
rubbed  by  a  piece  of  chamois  leather.  The  potential  of  the  charge 
thos  conmranicated  to  the  phial,  is  to  be  kept  as  nearly  constant  as 
is  required  for  the  accuracv  of  the  inve?tifrn.tion  for  which  the  instru- 
ment is  used.  Two  or  tlirce  nibs  of  the  sticic  of  vulcanite  once  a 
day,  or  twice  a  day,  are  suthcient  when  the  phial  is  of  good  glass,  well 
kept  dry.  The  most  convenient  test  for  the  charge  of  the  phial  is  a 
proper  electrometer  or  electroscope,  of  any  convenient  kind,  kept 
constantly  in  eommnnieation  with  the  chargins  electrode  (8). 

The  eleeticmeier  (II.)  is  to  be  ortoaiuy  need  for  that  porpose 
In  the  Kew  apparatos.  Failing  any  such  gauge  electrometer  or 
elpctroecope,  a  zinc-copper-water  battery  of  ten,  twenty,  or  more  small 
cells,  may  be  very  oonvpniently  used  to  test  directly  the  sensibility  of 
the  reflecting  ekcir(mi<  tcr,  winch  is  to  be  brought  to  its  proper  degree 
by  charging  its  i.oyden  pliial  m  much  as  is  required. 

lu  the  use  of  liiis  electrometer,  the  two  bodies  of  which  the  difference 

of  potentials  is  lo  be  tested  are  oomiected,  one  of  them,  which  is  gene- 
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rally  the  enrtli,  ^\\\\\  the  metal  case  of  tlie  instrument,  and  the  other 
with  tlie  insulated  half  ring.  The  needle  being,  let  us  suppose,  nega- 
tively electrified,  will  move  towards  or  from  the  insuluied  half  ring, 
according  as  the  potential  of  the  conduetor  connected  with  thb  half 
riDg  diffim  pontiTely  or  negatively  from  that  of  the  other  conduetor 
(cBTth)  oonneeted  with  the  eaee.  The  mirror  turns  aeoorduiglj  In  one 
direction  or  the  other  through  a  small  angle  from  its  zero  poaiticii,  end 
produces  n  corresponding  motion  in  the  image  of  the  lamp  on  the 
acreen  on  which  it  is  thrown. 

n.  The  common  hooae  electrometer.— This  instnmient  conmsts  of: 

{\)  A  thin  flint'glaM hell,  coated  oatside  and  inaide  like  a  Leydea 
phialy  with  the  exception  of  the  bottom  inride,  which  rtftntoltia  a  Uttle 

sulphuric  acid. 

(2)  A  cylindricid  metal  case,  endoaing  the  glasN  jar,  cemented  to 

it  round  its  mouth  outside,  extending  upwnrds  n^xjut  an  inch  and  a 
half  above  the  mouth,  aud  downwards  to  a  metal  base  supporting  the 
whole  iustrumenty  and  protecting  the  glass  against  the  danger  of 
breakage. 

(3)  A  cover  of  plate  ^laas,  with  a  metal  rim,  dcaittg  the  top  of 
(he  cyllndrieal  case  of  the  mstroment. 

(4)  A  torsion  head,  after  the  manner  of  Coulomb's  balance,  sup* 
ported  in  the  centre  of  the  glass  cover,  and  bearing  a  glass  fibre  which 
hangs  down  through  nn  aperture  in  its  centre. 

(5)  A  light  alinniuiuni  needle  nttaehed  across  the  lower  end  of  the 
fibre  (whicli  i^i  soinewliat  above  tlio  ct  iitrc  of  the  glass  bell),  and  a  stiff 
platinum  wire  attached  to  it  at  right  angles,  and  hanging  duwu  to  near 
the  bottom  of  the  jar. 

(6)  A  very  light  platinom  wire,  long  enough  to  hang  within  one- 
eighth  of  an  inch  or  so  of  the  bottom  of  the  jar,  and  to  dip  in  the 
aulphuric  acid. 

(7)  A  metal  ring,  attached  to  the  inner  coating  of  the  jar,  bearing 
two  pintes  in  proper  ymsitions  for  refuelling  the  two  ends  of  the  alumi- 
nium needle  when  simiUirly  electrified,  and  proper  stdjys  to  limit  the 
angular  motion  of  the  needle  to  within  about  45°  from  these  plates. 

(8)  A  cage  of  fine  brass  wire,  stretched  on  brass  framework,  sup- 
ported fnm  the  main  case  above  bj  two  glass  pillars,  and  partially 
enclosing  the  two  ends  of  the  needle^  and  the  repelling  plates,  from  all 
of  which  it  is  separated  by  dear  spaoea,  of  nowhere  less  than  ooe-fonrth 
of  an  inch  of  air. 

(9)  A  rlirtrging  electrode,  attached  to  the  ring  (7),  and  projeeting 
over  the  inouth  of  the  jar  to  the  outside  of  the  metnl  case  (2),  tiimuf^li  a 
wide  a[>erture,  wliich  is  commonly  kept  closed  In  ik  uielal  cap,  leaving  at 
least  one-quarter  of  an  inch  of  air  round  the  projecting  end  of  the  electrode. 

(10)  An  electrode  attadied  to  the  cage  (8),  and  projecting  over  the 
month  of  the  jar  to  the  outside  of  the  metal  case  (2),  through  the  centre 
•f  an  aperture,  about  a  quarter  of  an  inch  diameter. 

This  instrument  ia  adapted  to  measure  differences  of  potential 
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%  between  two  eonducting  systems,  namely,  ab  one,  the  aluminium  needle 
(5)f  the  repelling  plates  (7),  and  the  inner  coating  of  tlie  jar,  and,  as 
the  other,  tlie  insulated  cage  (8).  This  latter  is  commonly  connected 
by  means  of  its  projecting  electrode  (10),  with  the  conductor  to  be 
tested.  The  two  coiulucting  svFtems.  if  thnui^h  tlieir  projecting  elec- 
trodes connected  by  a  metallic  wiie,  may  be  electrified  to  any  degree, 
.withoDt  eanflng  the  dig^teit  MDuble  motkm  in  the  needle*  If^  on  the 
other  hand,  tM  two  deetrodee  of  theae  two  aystems  are  oonnected 
with  two  oondnctoFS,  electrified  to  diffiwent  potentials,  the  needle 
moves  away  from  the  repdiing  plates ;  and  if  by  turning  the  torsion 
head  it  is  brought  back  to  one  fiecnrately  mnrked  position,  the  number 
of  degrees  of  torsion  required  is  proportional  to  the  square  of  the 
difference  of  potentials  thus  tested. 

In  the  ordinary  use  of  the  iiiiitrument,  the  inner  coating  of  the 
Leyden  jar  is  charged  negatiTely,  by  an  external  application  of  eleetri- 
eltj  through  its  projecting  electrode  (9).  The  degree  of  the  charge 
thus  communicated,  is  determined  by  putting  the  cage  in  connexion 
with  the  earth  through  its  electrode  (10),  and  bringing  tl;e  needle  by 
torsion  to  its  marked  position.  The  square  root  of  the  number  of 
d^rees  of  torsion  required  to  effect  this,  mensnres  the  potential  of  the 
Leyden  charge.  This  result  is  called  thi^  reduced  earth  reading. 
When  the  atmosphere  inside  the  jar  is  kept  sufficiently  dry, — this 
charge  is  retained  from  day  to  day  with  little  hMs ;  not  more,  often, 
than  1  per  cent,  in  the  24  hours. 

In  nsing  the  instmmeot  the  chaiging  electrode  (9)  of  the  jar  is 
left  untouched,  with  the  aperture  through  which  it  projects  closed 
over  it  by  the  metal  cap  referred  tq  above.  The  electrode  (10)  of  the 
cage,  when  an  observation  is  to  be  made,  is  connectetl  with  the  con- 
ductor to  be  tested,  and  the  needle  is  brought  by  torsion  U)  \ts  marked 
position.  The  square  root  of  the  number  of  degrees  of  torsion  now 
required  measures  the  difference  of  potentials  between  the  conductor 
tested  and  the  interior  eoatlng  of  the  Lejrden  jar.  The  excess,  positive 
or  negative,  of  this  result  above  the  rednced  earth  reading,  measures 
the  excess  of  the  potential,  positive  or  negative,  of  the  conductor  tested 
above  that  of  the  earth ;  or  simply  tW  potential  of  .tlie  conductor 
tested,  if  we  regard  that  of  the  earth  as  zero. 

III.  The  portable  electrometer  is  constructed  on  the  same  elec- 
trical principles  as  the  house  electrometer  just  described.  The  mode 
cf  snspension  of  the  needle  is  however  essenliallv  di£RBrent ;  and  a 
varied  plan  of  connection  between  the  dilfoient  eleetrical  perla  hae 
been  consequently  adopted  as  more  convenient.  In  the  portable 
electrometer,  the  needle  is  firmly  attached  at  right  angles  to  the  middle 
of  ?i  fine  platinum  wire,  tiprhtly  stretehed  in  the  axis  of  a  brass  tube 
^vitll  ap(  rtures  in  its  middle  to  allow  the  needle  to  project  on  the  two 
sides.  One  end  of  the  platii^um  wire  is  rigidly  connected  with  this 
tube  i  the  other  is  attached  to  u  graduated  torsion  hetid.  The  brass 
tnbe  carries  two  metal  plates  in  suitable  positiona  to  repel  the  two. 
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ends  of  tbe  needle  in  contmn'  directions,  nnd  metal  stops  to  limit  ^ 
iU  an^'ular  iiiotiuu  witliin  a  convenient  range.  The  conducting  system 
composed  oi  these  different  parts  is  buj)j>orted  from  the  metal  cover 
or  roof  of  the  jar,  b^^  tliree  glass  steois.  The  torsion  head  is  carried 
roand  by  means  of  a  stout  glass  bar,  projecting  down  from  a  piinoii 
oenterad  on  the  lower  ride  c?  this  cover,  and  turned  by  the  aetkm  of  a 
tangent  screw  presenting  a  milled  head,  to  the  hand  of  the  operator 
outride.  The  conducting  system  thus  borne  by  instilating  sappotts  is 
connected  witli  the  outside  conductor  to  be  tested  by  means  of  an 
electrode  pjissing  otit  through  tlie  centre  of  the  top  of  the  Ciise  hv  a 
wide  aperture  in  the  centre  of  the  pinion.  A  wire  cage,  surroundiug 
the  central  part  of  the  tube  and  tlie  needle  nnd  repelling  plates,  is 
rigidly  atlaciied  to  the  interior  coating  of  the  Leydeu  jar.    It  carries 

two  metal  sectors,  or  ^  baUcheeds/'  la  suitable  poritioiis  to  attract  the 
two  ends  of  tlie  needle^  which  however  is  prevented  from  toodiing 
them  by  the  limiting  stops  referred  to  above.  The  eflfect  of  these 
attracting  plates,  as  they  will  be  called,  is  to  Increase  vefy  much  the 

sensibility  of  tlie  instrument.  The  square  root  of  the  number  of 
degrees  of  Corsion  required  to  bring  the  needle  to  a  sighted  position 
near  the  repelling  plates,  measures  the  difference  of  j)otentials  between 
the  cage  and  the  conducting  system,  consisting  of  tube  torriion-head 
repelling  platen  and  ueeiiiu.  The  meuil  roof  of  tlie  jar  is  attaelied  to 
a  strong  metal  case,  cemented  round  the  ootride  of  tbe  top  of  the  jar, 
and  endoring  it  all  round  and  below,  to  poteet  it  from  breakage 
when  being  carried  about.  There  are  soffictent  apertures  in  this  case^ 
opened  by  means  of  a  sliding  piece,  to  allow  the  observer  to  see  tlie 
needle  and  graduated  circle  (torsion  head),  when  using  the  instrument. 
On  the  outside  of  the  roof  of  the  jnr  a  stout  glass  stem  is  attached, 
which  supports  a  licrht  stiff  metallic  conductor,  by  means  of  which  a 
burning  match  is  supported,  at  the  height  of  two  or  three  feet  above 
the  observer.  This  conductor  is  conuecled  by  means  of  a  fine  wire 
with  the  electrometer,  in  the  manner  described  above,  through  the 
centre  of  the  aperture  in  the  roof.  An  artificially  dried  atmosphere  is 
maintained  around  this  ghim  stem,  by  means  of  a  metal  case  surround- 
ing it,  and  containing  recepiudes  of  gutta  percha,  or  lead,  holding 
suitably  shaped  pieces  of  pumice-stone  moistened  witfi  sulphuric  acid. 
Thr  fondticlor  which  bears  the  match  projects  upwards  through  the 
centre  ot  a  sutticieutly  wide  aperture,  and  bears  a  small  innbrella, 
which  both  stops  rain  from  falling  into  this  ay)erture,  and  diminishes 
the  circulation  of  air,  owing  to  wind  blowiug  round  the  instrument, 
from  taking  place  to  so  great  a  deme  as  to  do  away  with  the  diynem 
of  the  interior  atmosphere  required  to  allow  the  glass  stem  to  insulate 
sufficiently.  The  instrument  may  be  held  by  the  observer  in  his  hand 
in  the  open  air  witiioot  tlie  assistance  of  any  fixed  stand.  A  sli^g 
attached  to  tlie  instrument  and  passing  over  his  left  shoulder,  much 
facilitates  operations,  and  renders  it  easy  to  carry  the  apparattis  to  the 
place  of  observation,  even  if  up  a  nigged  hill  side,  with  little  risk  of 
accident. 
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The  buminp  match  in  the  ;lj1{)a^atu^^  wliidi  has  just  beon  described, 
performs  the  collecting  function  referred  to  above.  The  collector 
employed  for  the  station  apparatus,  wliether  the  retlecting  electrometer 
or  tbe  common  bouae  electrometer  is  nsedt  ia  an  insulated  vessel  of 
water,  allowed  to  flow  out  in  a  fine  stream  tiirougk  a  small  aperture 
at  the  ^nd  of  a  pipe  projecting  to  a  distance  of  several  feet  ifom  the 
wall  of  the  building  in  which  the  observations  are  made. 

The  principlr  of  collectiiipr,  whrther  by  fire  or  by  water,  in  the 
observation  of  atmospiieric  electricity,  was  explained  by  the  speaker 
thus: — The  e;irth's  surfiice  is,  except  at  instants,  always  found  elec- 
tntied,  in  general  negatively,  but  sometimes  positively. 

*<If  a  krge  sheet  of  metal  were  laid  on  the  earth  in  a  perfectly 
level  district,  and  if  a  circular  area  of  the  same  metal  were  laid  upon 
this  sheet,  and  after  the  manner  of  Coulomb's  proof  plane,  were  Med 
by  an  insulated  handle  and  removed  to  an  electrometer  within  doors,  a 
tneMSure  of  the  earth's  electrific;ition,  at  the  time,  would  be  obtained ; 
or,  if  a  ball,  placed  on  the  top  of  a  f rnifliictmi:  rod  in  the  open  air, 
were  lifted  from  that  position  by  an  insul  uin^  support,  and  carried  to 
an  electrometer  within  doors,  we  should  also  have,  on  precisely  the 
same  principle,  a  measure  of  the  earth's  electrification  at  the  time. 
If  the  height  of  the  ball  in  this  second  plan  were  equal  to  one-sixteenth 
of  the  circumference  of  the  disc  used  in  the  first  plan,  the  electrometric 
indications  would  be  the  same,  provided  the  diameter  of  the  ball  ts 
small,  in  comparison  with  the  height  to  which  it  is  raised  in  the  air, 
and  the  electrostatic  ca})acity  of  the  electrometer  is  small  enough  not 
to  take  any  considerable  proportion  of  the  electricity  from  the  ball  in 
itB  application.    The  idea  of  experimenting  by  means  of  a  disc  laid  ilat 
on  the  earth,  is  merely  suggested  for  the  sake  of  illustration,  and 
would  obvioody  be  most  inconvenient  in  pmctice.  On  the  other  hand, 
the  method  by  a  carrier  ball,  instead  of  a  proof  plane,  is  precisely  the 
method  by  which,  on  a  small  scale,  Faraday  investigated  the  distribu- 
tion of  electricity  induced  on  the  earth's  surface,  by  a  piece  of  rubbed 
shellac;  and  the  same  method,  applied  on  a  suitable  scale  for  tr  ttnp^ 
-   the  natuml  electrification  of  the  earth  in  the  open  air,  has  given  in  the 
hands  of  Deimann,  of  Creuznach,  the  most  accurate  results  hitherto 
published  in  the  way  of  electro-meteorological  observation.    If,  now^ 
we  conceive  an  elevated  conductor  first  belonging  to  the  earih^  to 
become  insulated  and  to  be  made  to  throw  off  and  to  continue  throwing 
off  portions  from  an  exposed  position  of  its  own  surface,  this  part  of  its 
surface  will  quickly  be  reduced  to  a  state  of  no  electrification,  and  the 
whole  conductor  will  be  brought  to  such  a  potential  as  will  allow  it  to 
remain  in  electrical  ecpiilibrinm  in  the  air  with  that  portion  of  its 
surface  neutral.    In  other  words,  the  })otential  throughout  the  in<!U- 
lated  conductor  is  brought  to  be  the  same  as  tltat  of  the  particular 
equi-potential  sorfiuse  in  the  air,  which  passes  through  the  point  of 
it  from  which  matter  breaks  away.    A  flame,  or  the  heated  gas 
passing  from  a  burning  match,  does  precisely  this :  the  flame  itself,  or 
the  highly  heated  gpis  close  to  the  match^  being  a  conductor  which  is 
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conitantly  extenditig  out  and  gradually  .beooming  a  non^eondoctor. 
The  drops  into  which  the  jet  issuing  from  the  imulated  conductor 
breaks,  on  the  plau  introduoed  by  the  writer,  produce  the  same  effects 
with  more  pointed  decision,  and  with  more  of  dynamical  ener^  to 
remove  the  rejected  matter  with  the  electricity  which  it  carries  from 
the  neighbourhood  of  the  iixed  conductor." — NickoTs  Cjfclogadia, 
2tid  edition^  article  "  Electricity ^  AlmospJteric** 

After  having  given  so  much  of  thes^  explanations  as  seemed 
neoeaniy  to  convey  a  general  idea  of  the  prindplei  on  which  the  oon- 
ttmctlon  of  the  instrnmenta  of  investigation  depended^  the  ^Mdcer 
proceeded  to  call  attention  to  the  spedal  subject  ]»op«ised  for  con- 
sideration this  evening. 

What  is  terrestrial  atmospheric  electricity  ?  Is  it  electricity  of 
earth,  or  electricity  of  air,  or  electricity  of  watery  or  other  particles  in 
the  air?  An  endeavour  to  answer  these  questions  was  all  that  was 
offered ;  abstinence  from  speculation  as  to  the  origin  of  this  electric 
condition  of  our  atmosphere,  and  its  phyt^ical  relaiiuus  with  earth,  air, 
and  water,  having  been  pdnndly  Inmed  by  repeated  and  varied  &ilure 
in  every  attempt  to  see  beyond  nets  of  observation.  In  serene  weather, 
the  earth's  sur&ce  is  generally,  in  most  localities  hitherto  examined, 
Ibund  n^atively  or  tesinously  electrified ;  and  when  this  fact  alone  is 
known  it  might  be  supposed  that  the  globe  is  merely  electrified  as  a 
whole  with  a  rt  si  nous  charge,  and  left  insulated  in  space. 

But  it  is  to  be  reuiarked,  that  the  earth,  although  insulated  in  its  atmo- 
spheric envelope,  being  in  fact  a  conductor  touched  only  by  air,  one  of 
tlie  best  although  not  the  struuge^it  of  insuiutors,  cannot  with  its  atmo- 
spliere  be  supposed  to  be  insulated,  so  as  to  liold  an  electric  chaige  in 
interplanetary  space.  It  has  been  supposed,  indeed,  that  outside  the 
eartirs  recognised  atmosphere  there  exists  something  or  nothing  ia 
space  which  constitutes  a  perfect  insulator  ;  but  this  supposition  seema 
to  have  no  other  foundation  tlian  a  strange  idea  that  electric  conductivity 
is  a  strength  or  a  power  of  matter  rather  tlian  a  mere  non-resistance^ 
In  reality  we  know  that  air  highly  rarefied  by  the  air-pump,  or  by 
other  processes,  as  in  the  construction  of  the  "vacuum  tubes,"  by 
which  such  admirable  pheuomeua  of  eiecuic  lighi  liave  recently  been 
seen  in  this  place,  becomes  eatremely  weak  in  ita  redstance  to  the 
transference  of  electricity  throQ{^  it,  and  begins  to  appear  rather  as  % 
conductor  than  an  insulator.  One  hundred  miles  or  upwards  from  tha 
earth's  surfiuse,  the  air  in  qpace  cannot  in  all  probability  have  resisting 
power  enough  to  bear  any  such  electric  forces,  as  those  which  we 
generally  find  i'\  c  u  in  serene  weather  in  the  lower  strata.  Hence,  we 
cauuot,  witli  Peltier,  regard  the  earth  as  a  resinously  charged  conductor, 
insulated  in  space,  and  subject  only  to  accidental  influences  from 
temporary  electric  deposits  in  clouds,  or  air  round  it ;  but  we  must 
suppose  that  there  is  always  eueniiaUp  in  the  liigher  airiai  regione 
a  distribution  arising  from  the  self-relief  of  the  outer  hlgbl^r  rarefied 
air  by  disrupdve  ^scharge.  This  dectric  stratum  must  constitute  very 
nearly  the  liectfo-polar  complenient  to  all  the  dectrici^  thai  edsts  on 
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the  earth's  surface,  and  in  the  lower  strata  of  the  atmosphere;  in 
other  words,  the  total  qiiAntitv  of  electricity,  reckoned  as  excess  of 
poaitive  above  negative,  or  of  Degative  above  positivey  in  any  large 
portion  of  tbe  atmoqibera^  and  on  the  portion  of  the  earth's  eurikce 
below  it,  mart  be  very  nearly  zero.  The  quality  of  non-reeistance 
to^  electric  force  of  the  thin  interplanetarj-  air  being  duly  considered, 
we  might  reprard  the  cnrth,  its  atmosphere,  and  the  surrounding 
medium  as  coui>titatiii<x  respectively  tlie  inner  coating,  the  di-electric 
(as  it  were  glass),  and  the  outer  coating  of  a  great  Leyden  phial, 
charged  negativeljf ;  and  even  if  we  were  to  n^lect  the  consideratiou 
of  iMMtible  deponls  of  cieetridtf  throuf;h  the  wAj  of  the  dinaleetrie 
itself,  we  shoud  anrive  at  a  conect  view  of  the  eleetrio  indications 
discoverable  at  any  one  time  and  place  of  the  earth's  surface. 
Id  fact,  any  kind  of  "collector,"  or  plan  for  collecting  electricity 
from  or  in  virtue  of  the  natural  "  terrestrial  atmospheric  electri- 
city," gives  an  effect  simply  proportional  to  the  electrification  of  the 
earth's  surface  then  and  there.  The  methods  of  collecting  by  lire  and 
water  which  the  speaker  exhibited,  gave  definitively ,^iu  the  language  of 
the  mathematical  theory,  the  ^'deetrie  potential**' of  the  air  al  the 
pout  oocnpied  by  tlie  buniing  end  of  the  match  or  by  the  portion  of 
the  stream  of  water  wliere  it  brealcs  into  drops.  If  the  apparatus  is 
used  in  an  open  plane,  and  care  be  taken  to  eliminate  all  disturbance 
due  to  the  presence  of  the  elertromptrr  itself  and  of  the  observer 
above  tfie  ground,  the  indicated  effect,  if  expressed  in  absolute  electro- 
static measure,  and  divided  by  the  height  of  the  point  tested  above  the 
ground,  has  only  to  be,  (according  to  an  old  theorem  of  Coulomb's,  cor- 
rected by  Laplace,)  (fivided  by  fonr  times  the  ratio  of  the  eiicumftrenee 
of  a  circle  to  its  uameter,  to  rednce  it  to  an  expression  of  the  number 
of  units  in  absolute  electrostatic  measure  of  the  electricity  per  unit  of 
area  of  the  earth's  surface  at  the  time  and  place.  The  mathematical 
theory  does  away  with  everv  diflRenlty  in  ex])laiinng  the  various  and 
seemingly  irreconril;il)Ie  views  which  ditierent  writers  have  expressed, 
and  explanations  wliieli  different  observers  have  given  of  the  functions 
of  their  toting  apparatus.  In  tiie  present  state  of  electric  science,  the 
mmt  convenient  and  generally  intelligible  way  to  state  the  result  of  an 
observation  of  terrestrial  atmospherto-eleetrioity,  in  absolute  measure, 
is  in  terms  of  the  number  of  elements  of  a  constant  galvanic  battery, 
required  to  produce  the  same  difference  of  potentials  as  exists  between 
the  earth  and  a  point  in  the  air  at  a  <?tatod  height  above  an  open  level 
plane  of  ground.  Observations  with  the  portable  electrometer  had 
given  in  ordinary  fair  weather,  in  the  island  of  Arran,  on  a  tlat  open 
sea  beach,  readings  varying  from  200  to  400  Daniel's  elements,  as 
the  difference  of  potentials  between  the  earth  and  the  match,  at  a 
height  of  9  feet  above  iL  Hence,  the  intensity  of  electric  fbroe  perpen- 
dicular to  the  earth's  suiftee,  most  ha\  e  amounted  to  from  22  to  44 
DanieFs  elements,  per  foot  of  air.  In  fair  weather,  with  breezes  from 
the  east  or  north-cast,  he  had  often  found  from  6  to  10  times  the 
higher  of  these  intenmties. 
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Even  in  fair  weather,  tlie  intensity  of  the  electric  force  in  the  air 
near  the  earth's  siiriace  perpetually  tluctuatiiig.  The  speaker  had 
often  obsenred  it,  especially  during  calms  or  Tei7  light  breezes  from 
the  east,  varying  from  40  Daniel's  elements  per  nwt,  to  three  or  lour 
times  that  amount  daring  a  few  minates;  and  returning  again  mm 
Tspidly  to  the  lower  amount.  More  frequently  he  had  observed 
variations  from  about  30  to  about  40,  and  back  again,  recurring  in 
uncertain  periods  of  perhai>s  about  two  minutes.  These  gradual 
variations  cannot  but  be  prtulucLMl  by  electrified  ma^es  of  air  or 
cloud,  Hoating  by  the  locality  ui  obc^crvation.  Again,  it  ii»  well  knowu 
that  during  storms  of  min,  hail,  or  snow,  there  are  gr^t  and  some> 
times  sudden  Tarlations  of  electric  Ibroe  in  the  air  dose  to  the  earth. 
Tlieae  are  undoubtedly  produced,  partly  as  those  of  fiur  weatlier,  by 
motions  of  electrified  masses  of  air  ana  dood  ;  partly  by  the  fall  of 
vitreously  or  resinously  electrified  rain,  leaving  a  corresponding  do* 
ficiency  in  the  air  or  cloud  from  which  it  falls  :  and  partly  by  disruptive 
discharges  (flashes  of  lightning)  between  masses  of  air  or  cloud,  or 
between  either  and  the  earth.  The  consideration  of  these  various 
phenomena  suggested  the  following  questions,  and  modes  oi  observa- 
tion for  answering  them. 

Question  1.  How  is  dectridt^  distributed  through  the  difibrent 
strata  of  the  atmosphere  to  a  height  of  five  or  nz  miles  above  the 
earth's  surface  in  ordinaiy  fiiir  weather  ?  To  be  answered  by  dectriod 
observations  in  balloons  at  all  heights  up  to  tlie  highest  limit,  and 
simultaneous  observations  at  the  earth's  surface. 

Q.  2.  Does  rlr  ( tritication  of  air  close  to  the  earth's  surface,  or 
within  a  f^•^v  IuhkIk  il  IVet  of  it,  sensibly  influence  the  observed  electric 
force?  and  it  so,  how  iloes  it  vary  with  the  weather,  and  with  the  tune 
of  day  or  year  ?  The  first  part  of  this  question  has  been  answered  very 
decidedly  in  the  affirmative,  first,  for  laigo  masses  of  air  within  a  few 
hundred  yards  of  the  earth^s  surface,  by  means  of  observations  made 
simultaneoudy  at  a  station  near  the  seashore  in  the  island  of  Arrsiiy 
and  at  one  or  other  of  several  stations  at  different  distances,  within  six 
miles  of  it,  on  the  sides  and  summit  of  Goatfell.  After  that  it  was 
found,  by  simultaneous  observntions  mndr  at  a  window  in  the  Natural 
Philosophy  Lecture  i^uom,  and  on  the  College  Tower  of  the  University 
of  Glasgow,  that  the  intiuence  of  tlie  air  within  100  feet  of  the  earth's 
surface  was  always  sensible  at  both  stations,  and  often  paramount  at 
the  lower.  Thus,  for  example,  when  in  broken  weather,  tiie  superficial 
electrification  of  the  outride  of  the  lecture  room,  about  20  feet  above 
the  ground,  in  a  quadrangle  of  buildings,  was  found  positive,  the  super- 
ficiai  electrification  of  the  sides  of  the  tower,  about  70  feet  iiig^ier^ 
was  often  fouml  negative  or  nearly  zero ;  and  this  sometimes  even 
when  the  pov,iti\f'  electrificntion  of  tlie  sides  of  the  building  at  the 
lower  station  equalled  in  ammnif  an  ordinary  fair  weatiier  negative. 
This  state  of  things  could  only  exist  in  virtue  of  a  negative  electrifica- 
tion of  the  circumambient  air,  inducing  a  positive  electrification  on  the 
ground  and  sides  of  the  quadrangle,  but  not  suffident  to  counter- 
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balance  the  influence  on  the  higher  parts  of  the  tower  of  more  distant 
positively  electrified  aerial  masses. 

A  long  coatinuation  of  such  systems  of  simultaneous  observation^ 
not  In  a  town  only,  but  in  varioos  nituationi  of  flat  and  of  moantaiDous 
oonntiy,  on  the  iea  coast  as  well  as  hr  inland,  in  varioos  regions  of  the 
world--will  be  reqdred  to  o1»tain  the  inibnnation  aiked  for  in  the 
second  part  of  this  question. 

Q.  3.  Do  the  particlef^  of  rain,  hail,  and  snow  in  fallinp^  throiigli 
the  air  possess  absolute  charges  of  electricity  ?  and  if  so,  wlietlier 
positive  or  negative,  and  of  what  amounts  in  different  conditions  as  to 
place  and  weather?  Attempts  to  answer  liiits  question  have  been 
made  by  vaiions  obsenreia,  but  as  yet  without  saccess ;  as  for  instance 
by  an  ^electro-plnviometer,"  tried  at  Kew  many  years  ago.  By 
using  a  sufficiently  well  insulated  vessel  to  collect  the  falling  partides^ 
it  is  quite  certain  that  a  decided  answer  may  be  obtained  with  ease 
for  the  oasps  of  hail  and  snow.  Inductive  effects  produced  by  drops 
splashing  away  from  the  rollcctinG"  vessel,  if  exposed  to  tlie  electric 
force  of  the  air  in  an  o|»c'n  jMisitioii,  or  iiuluchve  effects  of  the  opposite 
kind  produced  by  drops  spla:>iiing  away  irum  surruundiiig  wails  or 
screens  and  falling  into  the  collecting  vessel,  if  not  in  an  azpoaed 
pontion,  make  it  less  easy  to  aeoertain  the  electrical  quali^  of  rain ; 
but,  by  taking  means  to  obfiate  the  disturbing  effects  of  these  inftuences, 
the  speaiser  hoped  to  arrive  at  definite  results. 

It  would  liave  been  more  satisfactory  to  have  been  able  to  conclude 
a  discourse  on  atmospheric  electricity  otherwise  than  in  cpiestions,  but 
no  other  form  of  ooticlusion  would  have  been  at  all  consistent  with  the 
present  state  of  knowledge. 

The  discourse  was  illustrated  by  the  use  of  the  minor  electrometer 
reflecting  a  beam  of  light  from  the  electric  lamp,  and  throwing  it  on  a 
white  screen,  where  its  motions  were  measured  by  a  dh  ided  scale.  The 
principle  of  the  water-dropping  collector  was  illustrated  by  allowing  a 
jet  of  water  to  flow  by  a  fine  nozzle  into  the  middle  of  thv  lecture- 
room,  from  an  uninsulated  metal  ves^^el  of  water  and  compressed  air, 
and  collecting  the  drops  in  an  insulated  v^el  on  the  tioor.  This 
vessel  was  connected  with  the  testing  electrode  of  the  reflecting  electro- 
meter ;  and  it  was  then  found  to  experience  a  continually  increasing 
negative  electrification,  when  fixed  positively  electrified  bodies  were  in 
the  neighbourhood  of  the  nosde.  If  the  same  experiment  were  made 
in  ordinary  fair  weather  in  the  open  air,  instead  oi  under  the  roof  and 
within  the  walls  of  the  lecture-room,  the  same  result  would  be 
observed,  without  the  presence  of  any  artificially  electrified  body. 
The  vessel  from  wliich  the  water  was  discharged  was  next  insulated; 
and  other  circumstances  remaining  unvaried,  it  was  shown  that  this 
vessel  became  rapidly  electrified  to  a  certain  degree  of  positive  poten> 
tial,  and  the  fidlin^  drops  ceased  to  communicate  any  more  elec^dfy 
to  the  vessel  in  which  they  were  gathered. 

The  influence  of  electrified  masses  of  air  was  illustrated  by  carry- 
ing about  the  portable  electrometar,  with  its  match  buniijig^  to  different 
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parts  of  the  lecture-room,  while  insulated  spirit  lamps  coniiecttd  wirh 
the  jKjsitive  rihI  iir«^ative  eomluctor  of  an  electrical  machine,  burned 
on  the  two  slides.  The  speaker  observed  the  indications  on  the  ])ortable 
electrometer ;  but  the  potentials  thus  measured,  wereieen  by  theftudieDOii 
marked  on  the  ecale  by  the  spot  of  light ;  the  refleetinff  eleetroroeter 
being  k^t  eoDnectod  with  the  porteble  electrometer  in  aU  its  positions, 
by  meant  of  a  long  fine  wire*  It  was  found  that  when  the  burning 
match  was  on  one  side  of  a  certain  surface  dividinp;  the  air  of  the 
lecture- room,  the  potential  indicated  was  positive^and  on  the  other 
side  neg;itive. 

The  water-dropping  collector  constructed  for  the  self-registering 
apparatus  to  be  used  at  Kew,  had  been  previously  set  upon  the  roof 
of  the  Boyal  Institution,  and  an  insiilated  wire  (Beoearia's  Deferent 
Wire  *')  led  down  to  the  reflecting  electrometer  oo  the  lecture-room 
table.  The  electric  force  in  the  air  above  the  roof  was  thus  tealed 
Beveral  times  during  the  meeting ;  and  it  was  at  first  found  to  be,  as  it 
had  been  during  several  days  preceding,  somewhat  feeble  positive 
(corresponding  to  a  feeble  negative  electrification  of  the  earth's  surface, 
or  rather  housetops,  in  the  neighbourhood).  This  was  a  not  uufrequent 
electrical  condition  of  days,  such  as  these  had  been  of  dull  rain,  with 
occasioDal  iutervab  <^  heavier  lain  and  of  oeasatiop.  The  mitnral 
eleetrietty  was  again  observed  by  means  of  the  reflecting  electrometer 
during  several  minutes  near  the  end  of  the  discourse ;  and  was  found 
instead  of  the  weak  positive  which  had  been  previously  observed,  to  be 
strong  poutive  of  three  or  four  times  the  amount.  Upon  this  the 
speaker  quoted*  an  answer,  which  Prior  Ceca  liad  given  to  u  question 
Beccaria  had  put  to  him  "concerning  the  state  of  electricity  when  the 
weather  clears  up."  If,  when  the  rain  has  ceased  (tlie  prior  said 
to  me)  a  strong  eioesrivef  electiid^  obtains^  it  is  a  sign  that  the 
weather  will  continue  fair  for  several  days ;  if  the  electridtf  is  but 
small,  it  is  a  sign  that  such  weather  will  not  last  SO  much  as  that 
whole  day,  and  that  it  will  soon  be  cloudy  again,  or  even  will  again 
rain."*  The  climate  of  this  country  is  very  different  from  that 
of  Piedmont,  where  Beccaria  and  his  friend  made  their  observations, 
but  their  rule  as  to  the  "electricity  ot"  clearing  weather,**  has  been 
found  frequently  confirmed  by  liie  speaker.  lie  liierefure  considered, 
that  although  it  was  still  raining  at  the  commencement  <tf  the  meetings 
the  electrical  indications  they  rad  seen  gave  flur  pomise}  for  the  re- 
mainder of  this  evening,  if  not  for  a  longer  period.  There  can  be  no 
doubt  but  that  electric  indications,  when  sufficiently  studied,  will  be 
found  important  additions  to  our  means  for  prognosticating  tlie  weather} 


*  From  Beccaria's  first  letter  '*  On  Terrestrial  Atmospheric  Electricity  daring 
Serene  Weather."— <7ars«9Mi  A*  MmimA^  Mag  i77S* 

t  M.  vitreoii«5,  or  positive. 

i  At  the  couclusioo  of  the  meeting  it  was  found  that  the  rain  had  actualljr 
oesscd.  The  weather  eontinncd  fldr  daring  the  waiaiBder  of  the  night,  and 
tbiee  er  Ibor.of  the  fiaeit  days  of  the  icsiOB  idlowed. 
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and  the  speaker  hoped  soon  to  see  the  atmospheric  electrometer 
generally  adopted  as  a  useful  and  convenient  weather-glass. 

The  ipeaker  could  not  condiHto  without  guarding  himself  against 
aoy  impatatioii  of  having  amuned  ttie  eziatanoe  of  two  eleetric  fluida 
or  substances,  because  he  had  frequently  spoken  of  the  vitreous  and 
resinous  electricities.  Dufay's  very  important  discovery  of  two  modes 
or  qualities  of  electrification,  led  his  followers  too  readily  to  admit  his 
supposition  of  two  distinct  electric  tiuids.  Franklin,  ^Epiniiji,  and 
Cuvendi*5h,  with  a  hvpotliesis  of  one  electric  fluid,  opened  the  way 
for  a  justur  appreciatiou  of  the  unift/  oi  nature  in  electric  phenomena. 
Beoearia,  with  his  ^*  electric  atmospheres/'  somewhat  vaguely  struggled 
to  see  deeper  into  the  woriung  of  deetric  fbroe,  but  ms  views  mod 
little  aoo^tanoe,  and  ecaioely  snggested  inqniiy  or  even  meditatioiu 
The  18th  century  made  a  school  or  science  for  itself  in  whieh,  for  the 
not  iifinatural  dogma  of  the  earlier  schoolmen  "matter  cannot  act 
wlure  it  is  not,"  was  substituted  the  most  fantastic  of  paradoxes, 
cotUact  doe^s  not  exi^t.  Boscovieh's  theory  was  the  consummation  of 
the  18th  century  sciioul  of  ph^biciil  science.  This  stmnge  idea  took 
deep  root,  and  from  it  srew  up  a  barren  tree,  exhausting  the  soil  and 
overshadowing  the  whole  field  of  molecolar  investigation,  on  i^idi  so 
much  unavailing  hhmr  was  spent  by  the  great  mathematieians  of  the 
earlv  part  of  our  19th  century.  If  Boscovieh's  theory  no  longer 
cumbers  the  ground,  it  is  because  one  true  philosopher  required  more 
light  for  tnicing  Hues  of  electric  force. 

Mr.  Famday's  investin^ution  of  electrostatic  induction  intiuences 
now  every  departnuMit  (jf  ])liysi(  al  speculation,  and  constitutes  an  era 
in  science.  If  we  can  no  lunger  regard  electric  and  magnetic  fluids 
attiaeting  or  repelling  at  a  distance  as  realities,  we  may  now  also  oon- 
template  as  a  thing  of  the  past  that  belief  in  atoms  and  in  vacuum, 
agp£ist  which  Leibnitz  so  earnestly  contended  in  his  memorable  cor* 
reqpondence  with  Dr.  Samuel  Clarke. 

We  now  look  o!i  space  as  full.  We  know  that  light  is  propagated, 
like  sound,  through  pressure  and  motion.  We  know  that  there  is  no  * 
snhstance  of  caloric — that  inscrutably  minute  motions  cause  the  expan- 
jiion  which'the  thermometer  marks,  and  stimulate  our  sensation  of  heat 
^that  fire  is  not  laid  up  in  eoal  more  than  In  this  Leydeo  phial,  or  this 
w^ght :  tiiere  is  potential  fire  in  eaeh.  If  deetrio  force  depends  on  a 
residual  surface  action,  a  resultant  of  an  inner  tension  experienced  by 
the  insulating  medium,  we  can  conceive  that  electricity  itself  is  to  be 
■understood  as  not  an  accid«'nt.  but  an  essence  of  matter.  Whatever 
electricity  is,  it  seems  quite  certain  that  electricity  in  motion  is  heat  ; 
and  that  a  certain  alignment  of  axes  of  revolution  in  this  n»otion  is 
tnaynetism.  Faraday's  magneto-optic  ex])erinient  xnakes  this  not  a 
hypothesis,  but  a  demonstrated  conclusion.  Thus  a  rifle  bullet  keeps 
its  point  foremost ;  Foucault's  gyroscope  finds  the  earth's  axis  of  pal- 
^ble  rotation;  and  the  magnetic  needle  shows  that  more  subde 
rotatory  movement  in  matter  of  the  earth,  which  we  call  terrestrial 
magnetism,  all  by  one  and  the  same  dynamical  action. 
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lib  often  iuked,  are  we  to  ftll  baok  oo  fiusli  uid  pheiwiiieiiay  and 
give  up  all  idea  of  penetrating  that  myetery  which  hangs  round  the 

ultimate  nature  of  matter?  This  is  a  question  that  must  be  answered 
by  tlie  metaphy.sicifiry,  and  it  (]f>es  not  V>elong  to  the  domain  of  Natural 
Philosophy.  Bui  it  does  seem  that  the  marvellous  train  of  discovery, 
unparalleled  in  the  history  of  experimental  science,  which  the  last 
years  of  tlie  world  hixs  soe?)  to  emaunte  from  experiments  within  these 
walls,  must  lead  to  a  stage  of  knowledge,  in  which  laws  of  inorganic 
nature  will  be  understood  in  this  sense — that  one  will  be  known  as 
essentially  connected  with  all,  and  in  which  unity  of  plan  through  an 
inexhaustibly  varied  execution,  will  be  reoogniaed  as  a  Qnivemlly 
manifested  result  of  creative  wisdom* 

[W.  T.] 


GEN£RAL  MONTHLY  MEETING, 

Monday^  November  5^  18G0. 

Snt  Roderick  L  Mubchison,  F.II.S.  and  Vice-President, 

in  the  Chair* 

Carl  HaagyEaq. 
was  elected  a  Member  of  the  Boyal  Institution^ 

The  resignation  (on  account  of  ill  health)  of  tlie  Hev.  John 
Babi^w,  M.A.  F.R.S.  for  nearly  eighteen  vears  the  Honorary 
Secretary,  was  announced  from  the  Chair,  and  received  with  deep 
regret  by  all  the  Members  present. 

The  Spwial  Thnnksof  the  Member*^  were  returned  to  IV^  Roulaxij, 
the  French  Mini^tn  of  Public  Instruction,  for  his  Present,  on  behalf 
of  the  French  Government,  of  the  following  Works : — 

DOCUXENTB  INEDIT8  SUB  L'HtstoIIS  BB  FaiBCa* 

Rapports  an  Roi  et  au  Ministre.    4t«.  1835-39. 

XnstrucUoos  da  Comity  Uistori^ae  des  Arts  et  Mouuments:  Architecture  et 
Miin4|iM.  1837-49. 

Db  Waitxy,  N.  Eh'ments  de  PaKographie.    2  vols.    4to.  1838. 
Chronique  des  Dues  dc  Normandic,  par  B^noit   Ed.  F.  Michel,   3  vols.  4to. 
1836-44. 

Chronique  dn  Bertrand  du  Goesolin,  par  CaTsUsft  TroBTtee  dn  XIV*  Sitele* 

Ed.  E.  CharrMTc,    2  voU.    4to.  1839. 
Captivitc  de  Frau9oi6  h    Ed.  A.  CbampoUion-Ficeac.   4to.  1847. 
Joarnsl  des  Etsta-OMnnz  de  France  tenus  i  Toun  ea  1484.  Bd.  A.  Benicr. 

4to.  1835. 

Froote  Verlwoz  del  EtaU-G4a^az  de  1593.  4to.  1843. 
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BeUtions  des  Ambanadeani  V^niticns  sur  leg  Affiurct  de  Fmnee  aa  XIV*  Sfede. 

Ed.  N.  Tommiseo.   2  vols.   4to.  1838. 
Hum  D*l£0OOOBtJEAU  ss  Soimnii,  Ai«heT{k|ue  de  Bordeaux,  Correspondance 

(1636-42):  avec  une  Iiitroductioa  sor  TEtat  de  la  MariiM  en  Fnutoe»  ftc. 

par  E.  Sue.    3  vols.    4to.  1839. 
Ne'gociatiuus,  &c.,  relatives  au  G^goe  de  FraD9oi8  II.  tirees  du  Portefcuiile  de 

Scbastien  de  L'Aubespioe.  £d.  L.  Parif.   4to.  1841. 
N^gociations  ciitrc  la  Frsooe  et  TAtttriehe  en  XVI*  Si^*  Ed.  M  Le  Glay. 

3  VoU.    4to.  1845. 

Nc^oeiatioos  de  la  Franee  avec  la  ToacaDe.  Ed.  A.  Dei  Jaidioa.  YdL  1.  4to. 

1849. 

Cartuluire  de  TAbbaye  de  St-Bcrtin.    Fx!.  A.  Gnt'rnnl.    4to.  1840. 

Cartulaire  de  TAbbayc  de  Cliartres.    Ed.  A.  tiueraid.    2  vols.    4U>.  1840. 

PariaaoQi  Philippe  le  Bel:  LeBdIede  JaThille  deParia en  129S.  Ed.parH. 
G6raud.    4to.  1837. 

Lea  Quatre  Livres  des  Kois,  tradoits  en  fran^ais  da  Xii*  Si^cle,  soivis  d'on  Frag- 
ment de  Meralit4ii  anr  Job  et  d'nn  Cbouc  de  Seniioaa  de  8|-Bernard  Ed.  M. 
Le  Roux  (le  Lincy.   4to.  1841. 

Abelaud  :  Ouvmires  Int'dits.    Ed.  V.  Cou«in.    4to.  183fi, 

Lrmoib,  a.  Arciutccture  Mouastique.    2  vols.    4to.  1852-6. 

DiDuoN,  M.  loonograpliie  Clir6tienne:  Histoire  de  Dien.   4to.  1843. 

Statistique  Motmmentale  de  Paris:  Canea,  Plana  et  Deaiinf,  par  A.  Lenoir. 
33  livraisous.  fol. 

Pdnturea  de  I'EglUe  de  Sc-Savin.   Teste  par  P.  M^m^ :  Denins  par  M. 

G4rard-S«p^in.    fol.  1844-5. 
Comptcs  de  Depeiisi-s  dc  la  Construction  da  ChMeau  de  Gaillou,  Ed.  A.  Deville. 

(Avec  UD  Adas.)    4to  et  fol.  1850. 
Meoographie  de  I'Eglise  Notre-Dame  de  Nojoii«  par  L.  Vltet:  PlanSy  &c.  par  D. 

]i:inuc.     4tO.  et  fol.  iHin. 

Mouographie  de  la  Cathedra  le  de  (Jhartrcs.  Par  J.  B.  Lassos.  (Avec  on  Atlas.) 
epwtiet.  IIdL  1843-56. 

The  Pres-ents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Membon  returned  for  the  same :  vis. 

Acadtmie  de$  Sciences,  Paris— M4moires  :  Tome  XXX,    4to.  1860. 
Actuaries,  IiutituU  of— The  Assurance  Magazioe,  Nos.  40,  41.   8vo.  I860. 
Agnculiural  Society  of  England,  Royal — Joornal,  Vol.  XXI.  Part  1.   8vo.  1860. 
Americnn  Academy  ^  ArU  aad  Scimom~~MtauAnz  Mew  Series,  V0I.VL  Parts. 
4tO.  1859. 

Proeeedinn,  Vol.  VI.  Noa.  1M1.  8vo.  1858-9. 

Mmericcin  Philosnphical  Sot-iety—Vvoccv^Wr^^,  N08.  59,  60,  61.    8vo.  1858-9. 
AMtiqutuiea,  Society  0/*— Proceedings*  ^os.  48-52 ;  New  Series^  Vol.  1,  JNo.  1. 
8vo.  1857-59. 
AreluDologia,  Vol.  XXXVIII.  Part  I.    4to.  1860. 
•  Jalmnms,  U.S.  Grrernpicnt  of  the  State  of—V'vnk  Report  of  a  Gkological  Beoon- 
noissance  of  Arkaosas.    1857-8.  8va 
AfU,  Spektw  of-^aam^,  July  to  Get.  I860,  tro. 
Asiatic  Society  (f  Benqalr—iowcxaX,  Nos.  270-277.    8vo.  1860. 
Asiatic  Society,  Royal— Jonnal,  Vol.  XVIII.  Part  1.    8vo.  1860. 
Astronomical  Society,  /^oyaZ— Proceedings,  Nos.  8,  9.   8vo.  1860. 

Memoirs,  Vol.  XXVlll.    4to.  1860. 
J^ache,  rrofr';snr  A.  D.    T?rp<irt  of  the  United  States'  Coast  Survey  for  1857.  4to. 
Bavarian  Academy  <^  Sciences,  it^t/^o^— Sitzungsbericbie,  1860:  Heft  1,2.  8vo. 
I860. 

ilaitoi  SacMfy  of  Natural  niaiory,  £7.5.— Prooeedioga,  Vol.  VI.  No^  23-89; 

Vol.  Vn.  No.  9.    8vo.  1S58-9. 
British  Architects,  Royal  Institute  of—F&^n  tesA  in  1860.  |to.  I860. 
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Bntuh  and  Foreign  Bible  Socurfy -Reports,  1855,  1856,  1867.  8vo. 

SzteeD  Voliimefl  of  the  Holy  Scriptures  in  ▼ftrions  Lugiiam.  1857-^. 
Otrdale,  J.  B.  E$q.  M.R.I. — Speeches  in  Parliament,  and  Miscellaneous  Pam- 
phlets, of  U.  Onuumoudt  M.P.   Edited  by  Lord  Lovaine.  2  Tok.  8to. 

1860. 

Catlin,  G.  E»q.  {the  Author)— The  Steam  Baft   8vo.  1860. 

Chamber*^  G.  T.  Eaq.  MM. I.  -Facto  bearing  on  the  Dealh  of  B.  J.  G^noeUor, 

by  T.  Hopley.   8vo.  1860. 
Owntwl  SoeM(y--Qu*rterIy  Journal,  Nos.  60,  61.  Svo.  1MQ. 

Dooe,  Profamr  H,  \V,  {the  Autkor)^Optieche  Stndlen.    8vo.    Berlin,  1859. 
JJ^m^oHf  E.  Beckett,  Etq.  >Q.C.  M.R.I,  (the  Author) — Rudimentary  Treatise  on 

Clocks,  Watches,  and  Bells,  with  a  Fall  Account  of  the  Westminster  Clock 

and  Bells.    4th  ed.    16to.  1860. 
Alt<or5— Amerieaa  Joomal  of  Soienee^  byB.  SiUiman,      tx  Jnly  to  8e^  1660. 

8vo. 

ArtiaBftr  JnlytoOet  1860.  4lo. 

Athensnm  for  July  to  Oct  1860.  4to. 
Chemical  Gazette  for  July  to  Oct.    4to»  I860. 
Engineer  for  July  to  Oct.  1860.  fol. 
ngrological  Journal,  Nos.  23-27.  8to.  1860. 
Journal  of  Gas-Lighting  for  July  to  Oct.  I860.  4to, 
Mechanics'  Mmaine  for  July  to  Oct.  1860.  8to. 
Medical  Cireuur  Ibr  Joly  to  Oet  I860.  8T0b 
Practical  Mechanic's  Journal  for  July  to  Oot  I860. 
St.  James's  Medley,  No.  24.    8vo.  I860. 
JFIaradaji,  Proleeeor,  J).C,L,  i^J^.^— Results  of  Magnetical  and  Meteorological 
ObwnrmnoDi  at  Melboaine,  and  at  wioos  Staaoni  In  Vietoria:  1868-9. 
fol.  1860. 

Imperial  Academy  of  Sciences,  Vienna — Almanach,  1860.  12mo. 

Math.  Nat.  Cla&se  :  Denkschriften,  Band  XVII L    4to.  1860. 

Sitzungsberichte :  1860.    Nos.  1-5.  7-12.  8vo. 
Royal  Academy  of  Turin :  Memorie.    Tome  XVIII.    4to.  1859. 
Monatsberichte  der  Akademie  der  WiMenschaften  zu  Berlin :  Mai-JulL  I860. 

8t0w 

Overdgt  over  det  Kongelige  Danske  Videnskabemes  Selskahs :  1 8r)9.  8vo. 
FMtlin  IfiMtUute  of  Penni^lvama-^wiBBl,  Vol.  XXXIX.  No.  6 ;  Vol.  XL.  Net. 

1,  2,  3,  4.    8vo.  1860. 
Geological  Society— QxaaUsij  Journal,  Nos.  69,  64.   Ova  I860. 
Geological  Institute,  Vienna — Jahrbuch,  1859  :  No.  4.    1860  :  No  1.  4to. 
Oeographical  Soeietg,  i^oya/^Proceediqgi^  VoL  IV.  Noa.  3|  4.  8to.  1860. 

Journal.  Vol.  XXIX.  OfOw  1860. 
Oreenwich  Itoyal  Ohservatorf—'BlBdM&Bm  6i  the  Olmi'tfcllaut  of  the  Moflf. 

1831-51.    4to.    1859.  • 
HerjWt  Dr,  J,  C.  ( the  Author) — L'Alucite,  ou  Teigne  dee  Blei.   8to.  I860. 
MorHemliuni  Society  of  Loadm  Pweeedinga.  Noa.  18-18.  Oro.  I860. 
lova,  U.S.,  Governor  of  the  State  o/*— Report  of  the  Geological  Swoy  of  ^Sllrtt 

of  Iowa  (1855-7).    Vol.  L  (In  2  parts.)    4to.  1858. 
Jokneon,  Edmund  C.  E$q.  (the  Author}— The  Blind  of  London.   8to.  1860. 
Jme§,Profeuor  T.  Wharton^  FJL&  (fie  Authory-'OalhB  loventioB  of  Slefeoieopie 

Glasses  for  Single  Pictures,    6vo.  1860. 
Lankotter,  E.  M,D,  MMJ,  (<Ae  .<liitAor>-Foarth  Annual  Report  on  the  Health  of 

8t  Jameira.  8to.  1860. 
Lectures  on  the  Uses  of  Animals.    Part  I.    16to.  I860. 
Leait  Philosophical  Societj/ — Annual  Report,  1859-60.  8vo. 
Linnean  Society — Jounial.    Supplement  to  Vol.  V.    8vo.  i860. 
Liverpool  Phuotophical  5octe/y— Proceedings,  No.  14.   8td»  1860. 
London  Corporation  Library  Committee— Qx^xAStA  Cilllog—  of  tiM  CotpOllto 

Library,  instituted  in  1824.   8yo.  1859. 
Mackie,  S,  /.  Eoq^F'0,S.  {the  Editory-Tba  Geologist,  July  to  Oct.  1860.  8vo. 
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Jfet7/y,  M.  E,  {a§  Autkety-V     s  dc  rilistoireda  VAMttoaaaaemoi  Etal».Uiua 

(if  rArncriqtie.    16to.    iSriixclles,  I860, 
ik'iation  d  un  Voyage  fait  en  Sicile  ct  daus  le  Midi  de  I'luilie  en  1858.  IGto. 
Bnixe11«8,  1859. 

Medina (ViiTurgical  Societtf,  JPoynf— Proceeilingp.  Vol.  III.  No.  4,   9vo»  1860. 

Index  and  Additioits  to  Library  Catalogue.    8vo.  186U. 
Aaclont  Messrs. — London  Journal  (New  Series),  for  July  to  Oct.  1860.  8vo. 
Pengai,  F.  Esq.  (the  EdiU»r)—thi^  Year  1800 ;  or.  The  Siiyiius  and  Doiugs  of 

our  Fathers  aud  Mothers:  as  recorded  by  the  Newspapers,  &c.  8vo.  ISfjO. 
Peitrmann^  A.  Esq.  {ike  .£^'i<or)— Mittheiluugea  auf  dem  Gcsammtgebiete  der 

Geograpbie.   1860.  Heft  7,  8,  9»  and  Brgtturongsheft.  4to.  Gottia,  I860, 
rhotuifraji/nc  .Wefy— Journal,  Nos.  99-102.    8vo.  1860. 
i^oya/ .Sotieiy     /on Jow— Proceedings,  Nos.  39,  40.    8vo.  ISGO. 
Saron  Society  of  Sciences^  Royal — Abiiandlungeu  :  Band  VIL  Heft  2-4  ;  Baud 
VI H.  ileft  1,  2.    8V0.  1899-69. 
Berichte,  185f)-f:o.  8vo. 
SmUhtoman  Institution— Auuna]  U^purt  for  1858.  Sto. 
St,  PHtnburg  Imperial  Academy  of  Sei$*€e»^fil^BamnB  par  IHven  Savana: 
Tome  VIH.    4(0.  18.-,9. 
Memoires:  7*  Serie:  Tome  II.  Nos.  1-3.    4to,  1869. 
Bulletin,  Tome  I.  Nos.  4-10.    4to.  1859-60. 
Statuiiical  Socte/y— Journal,  Vol.  XXIll.  Part  3.    8vo.  18R0. 
Tpdall,  ProfcasorJ.  F.R.SJthc  .'Ir/f/jarJ— The  Glaciers  of  (lie  Alpa.  ISma  1860. 
(juiled  Service  I Hsliiutioa — Journal,  Nos.  12»  13.    8to.  1860. 
Veme'zur  B^Mmmg  det  Gewerbjleisaea  in  Preneen  Verhaodlwngani  Ma!  vnd 
Juni.    1860.  4t(). 

Yates,  James,  Esq.  F.Ji.S.  F.SA. — Photographs  of  the  Portrait  and  of  the  Statue 

(erected  at  Oxford,  June  1860)  of  Joseph  Priestley  ;  and  a  Medal. 
Yorkshire  {  WeM  RidiMf)  Oeologiatl  and  PUfttehme  &ctcf^PnN9eediDg^  1859. 

evn.  isi;o. 

Zodoyical  ^^/y^Ptoceodrngs,  1860.  Parts  1  and  2.  8vo. 


GENERAL  MONTHLY  MEETING, 
Monday,  December  3,  1860. 

« 

Sib  Charles  Hamilton,  Bart.  C.B.  in  the  Chair. 

The  Rev.  Alexander  Denny,  M.A.  and 
Edward  Snaith,  Esq. 

were  elected  Members  of  the  Koyai  Xnatitution. 

Carl  Haag,  Esq. 
was  admUM  a  Member  of  the  Boyal  Institution, 

HsirBr  Besce  Jo!fES,  M.D.  M.A.  F.R.S.  was  elected  Secretary 
of  the  Royal  Institution,  in  the  room  of  tlie  Rev.  Jous  BABLOWyM.A. 
F.R.S.  resiprned,  wlio  was  elected  a  Manager. 
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The  fiiUowiiig  Amngonento  Ibr  the  I^ectorof  befiwe  Eaiter  1861, 
were  annoaneed 

Six  Lectures  on  the  Cii£mxcal.  Histobt  of  a  Candle  (adapted 
to  a  JuTenile  Atiditoiy)— by  Michael  Faxabat,  Eeq.  D.C X*  F.Kj3. 
4bc  Fnllerian  Frofe«or  of  Chemiitry,  R.I. 

Twelve  Lectures  on  Fishes — by  Richard  Owev,  £aq.  D.C.L. 
F.liJS.  Fullerian  Frofeaeor  of  J^iatuiul  Fhysiology,  ILL 

Twelve  Lectures  on  EuscTBiciTr— by  JoHir  TmsAU.^  Esq. 
F.B.S.  PtofesMr  of  Natuial  Phaoeophy,  Ba. 

Ten  Lectures  on  Inoboamc  Chemistry — by  Dr.  Edward 
Frank  LAND,  Esq.  F.li.S.  Lecturer  on  Chemifttry  at  St.  Barthulo- 
mew's  Hospital. 

The  Presents  received  since  the  last  Meetinj^  were  laid  on  the 
table,  and  the  thanks  of  the  Meuiber^  returned  for  the  same :  viz. 

Fbom 

Airji,  O,  B.  E$^.  FJi^,  Aalrommer-Ro^al—i,  Eiffe's  and  It.  Molj^oeux's  Im- 
provttuenti  m  Gbrooometort.  4Co.  1842. 

ArUt  Society  ^—Journal,  November  1860.  8vo. 

BamlNatural  HUtnnj  Socict;/ — Vcrhandlungen,  Theil  II.    Heft  4     8to.  I860. 
CivU  MiufineerMt  luitituiiou  ^ — Miuutcs  of  Proceedings.     Vol.  XVIII. 
6vo.  1859. 

Proceedings  in  Novemher  18fiO,  8vo. 
EditcTB^Axvmn.  for  November  1860.  4to. 

Atheiuettm  Ibr  Norember  1 860.  4to. 

Chemical  News  for  November  1860.  4tO. 

Engiucer  for  Xovi-niber  1860.  fol. 

llorological  Jouruai,  No.  28.    8vo.  I860. 

Journal  of  Gas-Lighting  for  November  1880.  4tO. 

Mechanics'  Magu/me  for  November  I860.  8t(|. 

Medical  CircoUr  for  November  i860.  8vo. 

Fnetieal  Heehanie't  J<Miml  for  November  1860.  4ta 
Faraday,  Profe99or,  D.C.L.  F,R.S.—P,  F.  li.  BaddeKy,  Whirlwinds  and  Dmt- 

Storm«;  of  India.    With  an  Atlas  Phtos.    >  vols     8vu.  and  4to.  1860. 
Fiunklin  Institute  t^'  Penmi/lvania — Joui  i.ul,  \  t<l.  XL.    No.  5.    8vo.  1860. 
Geographical  Society,  Royal — Proceediugs,  Vol.  IV.  No.  5.    8V0t  1660. 
GordoHy  Willought  f  J.  GijU,  i'-y.  M.R.I,  the  Author )— A  TmBW/^CuLngOMgie* 

Snd  Edition,  Augmented  and  UeTised.   8vo.  1860. 
Bali  iAUrmif  imd  PkOotopldeai  Soeit^^  16to.  1860. 

Zinnean  SocMly— Journal,  No.  18.    8vo.  1860. 

Machie,  S.  J.  Esuj.  F.G.S.  {the  Editor)— Tho  CnylnfrUt,  NovrmWr  I8r,0.  8vo. 
Medico'ChiranjicaL  Society,   Royal  —  Medico-Cujruij^tc»il     i ransactions,  Vol. 

XLIII.   8vo.  1860. 
Newton,  Messrs.  — Ixjndon  Journal  Xo^  Series),  for  November  I860.  8vo, 
Photographic  Society— io\waaXt  No.  103.   8vo.  1860. 

Badamd,  M.  (  Minuter  of  PMie  TminetiM^  Fraiie»)~N^oeiatiaa  de  la  Fiaiiee 
dans  !e  lA'vant.    Vol.  IV.    4to.  1860. 
Journal  d'Olivicr  d'Ormesj^ii,  &c.    Vol,  I.    4to.    1 '^W.  • 
St.  Petertbwrg  Imperial  Academy   of  &»cni£ra— Mcmou'es :  6'  S<^rie;  Science* 
Uathtetiqnes,  fte,  TomenLetX.  4Ki,  1859. 
Himoirei  par  Diven  flKvaai.  Tooie  IX.  4to.  1869. 
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IttiiMiiNtdfltSeiflBoesPolitiqiieSffte.  Tome  IX.  4fb.  1859. 
Memoires:  7«  S^rie.   Tome  II.   Nos.  4-7.  TofM  111.  No.  1.  4t0.  1860. 
BolUtius:  Tome  II.  Nos.  l>3.    4to.  I860. 
FcrwMt  zw  B^rderuag  da  Oetaerbfieittis  im  Prmtm   VerlwidluDgen,  Jiili  and 
Aug.   I860.  410. 
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WEEKLY  EVENING  MEETING, 

Fridaji  Janoaiy  18, 1861. 

WUJ.IAM  RoB£&T  Gbove,  Esq.  Q.C.  F.R.S.  Vice-President, 

in  the  Chair. 

JoHV  TnTDAix,  Esq.  F.B.S. 

twnmom  w  ■Annui»  vsaumm,  sota&  uwiiuiw* 

On  the  Action     GateM  and  Vegpaur*  on  JRadiani  Sieai. 

Tbe  duooane  eommenoed  by  a  reference  to  the  researehes  of  Leslie, 
Forbes,  and  l&ioblauch ;  but  more  espedallj  to  the  admiiable  tnyes- 
tigations  of  MeUoni  on  Badiant  Heat.  These  eminent  men  had  left 
the  gaseous  form  of  matter  practically  untouched,  and  to  extend  our 
knowledge  into  this  wide  region  was  the  ot»)ect  of  the  investigation 
on  wliich  the  presfMit  disrmirse  was  founded. 

The  apparatus  nuide  use  of,  and  whicli  Mas  applied  in  the  experi- 
nieuts  of  the  evening,  consists  of  tlic  follow iiig  parts :— • 

1.  A  copper  cube  C,  containing  water  kept  constantly  boiling, 
and  one  of  whose  fteee,  coated  with  lamp-black,  forms  the  source  of 
radiant  heat. 

2«  A  brass  tube,  2*4  inches  in  dhimeter,  which  is  divided  into  two 

portions,  2  and  ^. 

a.  The  portion  of  the  tube  intended  to  recrivr  thr  gases  and  vapours  ; 
it  is  stopped  air-tight  at  its  two  ends  by  plates  of  rock-salt,  and  is 
attached  to  a  good  air-pump,  by  which  it  can  be  exhausted  at  pleasure. 
The  length  is  4  feet. 

(L  An  airwtight  chamber  between  the  tube  a  and  the  cube  C.  It 
ia  kept  constantly  ezhan8ted,and  the  calori6c  rays  therefoie  pass  from 
the  radiating  plate  through  a  vacuum  into  the  tube,  thus  rettdning  the 
quality  wbi&  belonged  to  them  at  the  moment  of  emission. 

X  2 
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To  pfeveDt  the  tAuismiMioD  of  heat  br  condaetion  from  the  cube 
C  to  the  tube  ce,  the  chamber  fi  is  partly  embraced  by  an  aoDiilar 
space,  in  which  cold  water  continually  circulates. 

3.  A  thermo-electric  pile  furnished  with  two  conical  reflectors,  aud 
connected  with  an  excellent  galvanometer.  One  of  the  faces  of  the 
pile  receives  the  rays  whit  h  Iiave  passed  through  the  tube  a. 

4.  A  second  cupper  cube  C,  also  filled  with  boiling  water,  and 
vhose  rays  fall  upon  tiie  aeeond  face  of  the  thenno-electric  pile.  The 
two  cubes  C  and  CT,  thus  radiating  upon  the  opposite  faces  of  the  pile^ 
tend,  of  course,  to  neutralise  each  other. 

Between  the  cube  C  and  the  a^jaoent  fiice  of  the  pile  a  screen  S  is 
introduced,  being  attached  to  an  apparatus  of  RuhmkorflTs,  capable  of 
extremely  fine  motion;  by  the  partial  advance  or  withdniwal  of  this 
iicrei  n  the  two  sources  of  heat  can  be  caused  to  neutralise  each  otlier 
perfectly. 

The  tube  a  and  the  chamber  yS,  being  both  exhausted,  the  needle 
of  the  galvanometer  is  brought  exactly  to  zero  by  means  of  Oie  screen 
S.  The  gas  or  Tapour  to  be  experimented  with  is  now  admitted  into 
Uie  tube  a,  and  if  it  possea  any  seosible  absorbing  power,  it  will 

destroy  the  previously  existing  equilibrium.  The  couMquent  deflec- 
tion of  the  galvanometer,  properly  reduced,  is  the  measure  of  the 
absor])tion.  In  this  way  the  action  of  9\rr\it  gases  and  tlnrteen  vapours 
have  been  examined,  and  also  the  action  of  atmospheric  air. 

Oxygen,  liydrogen,  nitrogen,  and  atmospheric  air,  respectively 
absorb  about  0*3  per  cent,  of  the  caloriiic  rays;  this  is  the  feeblest 
action  which  has  been  observed. 

The  most  energetic  action  is  that  of  defiant  gas,  which  at  the  ten- 
don of  one  atmosphere  absorbs  81  per  cent,  of  the  calorific  rays. 
Between  those  extremes  stand  carbonic  oxide,  carbonic  add,  nitrons 
oxide,  and  sulphuretted  hydrogen* 

Below  a  certain  tension,  wliic!)  varies  for  different  gases,  the 
amount  of  heat  ab>orl)(;d  is  exactly  proportional  to  the  density  of  the 
gas.  Above  this  tension,  the  niys  on  whicUi  tho  principal  absorptive 
energy  is  exerted,  become  graduuiiy  exhausted,  so  tiiat  every  augment- 
ation of  density  produces  a  diminished  effect. 

In  the  case  of  defiant  ^  for  example,  where  a  unit  measure 
rVth  of  a  cubic  inch  in  capacity  was  made  use  of ;  for  a  series  of  fifteen 
such  measures,  the  absorption  was  exactly  proportional  to  the  quantity 
of  gas  ;  subsequently,  the  ratios  of  the  successive  absorptions  approached 
gradually  to  equality.  The  absorption  produced  by  a  single  measure 
of  oletiant  gas  of  the  above  volume,  mo^  ed  the  index  of  the  galvano- 
meter through  an  angle  of  2*2  degrees  j  the  tension  of  the  gas  being 
only  TT^T*^^^  atmosphere. 

in  the  case  of  vapours,  the  most  energetic  is  that  of  sulphuric  ether ; 
the  least  energetic  is  that  of  bhmlphide  of  carbon.  Compaiing  somII 
▼olumes  and  equal  tensions,  the  absorptive  energy  of  sulphuric  ether 
yapour  is  ten  times  that  of  defiant  g*as,  and  ten  thousand  times  that  of 
oxygen,  hydrogen,  nitrogen,  or  atmospheric  air. 
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On  a  fair  November  daj  the  aqueous  vapour  in  the  atmosphere 
produced  fifteen  times  the  absorption  of  the  true  air  itself.  It  is  on 
rays  emanating  from  a  source  of  comy^aratively  low  temperature  that 
tins  great  absorptive  energy  is  exerted  ;  hence  the  aqueous  vapour  of 
the  atmosphere  must  act  powerfully  in  intercepting  terrestrial  radia- 
tion ;  its  changes  in  quantity  would  produce  corresponding  changeti  of 
eUmate ;  euMquent  reseerches  must  dedde  whether  this  vera  causa 
is  competent  to  aocount  for  the  climatal  changes  which  geologic 
reseerches  reveal. 

Oxygen  obtained  from  the  electrolysis  of  water  exerted  four  times 
the  absorptive  energj^  of  the  same  substance  when  caused  to  pass 
through  iodide  of  potassium;  the  greater  action  being  due  to  the 
presence  of  ozone. 

The  radiative  power  of  ga&es  was  examined  by  causing  tliem  to  pass 
over  a  heated  sphere  of  metal,  and  ascend  m  a  column  m  ftotA  of  the 
- thenno-eledrie  pile;  Tarious  precautions  were  taken  to  secure 
aociuracy  in  the  results.  I  t  was  found  that  the  order  of  radiation  was 
exactly  that  of  absorption  ;  that  any  atom  or  molecule  which  is  capable 
of  accepting  motion  from  api^itated  ether,  is  capable  in  precisely  the 
same  degree  of  imparting  njotioii  to  still  ether.  Films  of  gas  ou  sur- 
faces of  polished  metal  were  Itxirul  to  act  like  coats  of  varnish. 

The  speaker  also  investigated  lixe  physical  connection  of  radiation, 
absorption,  and  condaction.  In  the  foregoing  experiments  fiee  atoms 
and  molecules  were  dealt  with,  and  upon  them  individually  was  fixed 
the  responsibility  of  the  efiects  observed.  These  effects  are  thus 
detached  from  considerations  of  cohesion  and  aggregation,  which  sug- 
gest themselves  in  the  case  of  liquids  and  ^olids. 

The  recii  rocity  of  absorption  and  radiation  is  a  simple  mechanical 
consequence  of  the  thoorv^  of  an  ether. 

But  why  is  one  molecule  competent  to  stop  or  generate  a  caluriiic 
flux  so  much  more  powerfuUv  tliao  another  ?  The  experiments  prompt 
the  following  reply  :—*Tlie  elementary  gates  which  have  been  examined 
all  exhibit  extremely  feeble  powers  both  of  absorption  and  radiatton» 
in  comparison  with  the  compound  ones.  In  the  former  case  we  have 
oscillating  atoms,  in  the  latter  oscillating  systenii?  of  atoms.  Uniting 
the  atomic  theory  with  the  conception  of  an  ether,  it  follows  that  the 
vQHijHfU9ul  molecule  which  fumbhes  points  (/\ij'pui  to  the  ether  must 
be  capable  of  accepting  and  generating  motion  in  a  far  greater  degree 
than  the  single  atom,  which  we  may  figure  to  our  minds  as  an  oscillat- 
ing sphere.  Thus  oxygen  and  hydrogen,  which,  taken  separately,  or 
united  mechanically,  produce  a  scarcely  sensible  eflfeet,  when  united 
chemically  to  form  oscillating  systems  as  in  aqueous  vapour,  produce  a 
powerful  effect.  Thus  also,  nitrogen  and  hydrogen,  wliich  when 
separate  or  mixed,  produce  hut  little  action,  when  combined  tn  form 
amiuuiiia,  produce  a  great  action.  So  also  nitrogen  and  oxygen,  which 
when  mixed  as  in  air,  are  feeble  absorbers  and  radiators,  when  united 
to  oscillating  systems,  as  in  nitrous  oxide,  arc  very  powerful  in  both 
capacities.   Comparing  small  volumes  and  equal  tensioosy  the  action 
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of  nitrons  oxide  is  250  times  that  of  air  ;  a  fact  which  i)€rhaps  furniahes 
a  stronger  presumption  th;m  any  i>rfviously  existing,  that  air  is  a 
mil  turf,  and  not  a  conipoumi.  Carbonic  oxide  is  about  KK)  times 
as  powerful  as  its  constituent  oxygen  ;  carbonic  acid  is  LoU  Limes  as 
powerful,  while  olefiant  gas,  «b  a&eady  remarked,  is  1000  timee  as 
powerful  as  its  constituent  hydrogen.  In  the  case  of  the  hydro-oar* 
bon  vapours,  where  the  atomic  groups  attain  a  higher  degree  of  com- 
plexity, the  action  is  even  greater  than  that  of  olefiant  gas. 

The  speaker  also  referred  to  tlie  experiments  and  observations  of 
Niepce,  Aii^trom,  and  Fouciiult  ;  but  more  rspfctallv  to  tlip  admira- 
ble rescarciies  ul"  Ivirchhott' and  Bunsen,  as  regards  the  intiueiice  of  the 
periud  of  oscillation  on  the  rate  oi  absorption.  He  pointed  out  how  the 
grouping  of  atoms  to  systems  in  a  resisting  medium  must  tend  to  make 
their  periods  of  oseiilation  longer,  and  thus  bring  them  into  isochrontsm 
with  the  periods  of  the  obscure  radiations  made  use  of  in  the  eiqteri- 
ments. 

With  regard  to  conduction,  the  speaker  would  illustrate  his  views 
by  reference  to  two  substances — rock-salt  and  alum,  lie  was  once 
8urj)rised  to  observe  the  great  leiigth  of  time  required  by  a  heated 
mass  of  rock-salt  to  cool ;  but  this  was  explained  by  the  experiments 
of  Mr.  Balfour  Stewart,  who  shows  that  rock-salt  is  an  exceedingly 
feeble  radiator.  The  meaning  of  this  is  that  the  molecules  of  the  salt 
glide  through  the  ether  with  small  loss  of  «m  viva*  But  the  ease  of 
motion  which  they  are  thus  proved  to  enjoy  must  facilitate  their  mutual 
collision.  The  motion  of  tlie  molecule,  instead  of  being  expended  on 
the  ether  between  them,  and  then  comniuniented  in  pirt  to  the  ether 
external  to  the  mass,  is  transferred  freely  from  pai  tii  le  lo  particle  :  or 
in  other  words,  is  freely  conducied.  This  d  pr'fnn  conclusion  is  com- 
pletely verified  by  the  author's  experiments,  winch  prove  rock-salt  to 
be  an  excellent  conductor.  It  is  quite  the  rererse  with  alum.  Mr. 
Balfour  Stewart's  experiments  prove  it  to  bean  excellent  radiator,  and 
the  authoi^s  experiments  show  it  to  be  an  extremely  bad  conductor. 
Thus  it  imparts  with  ease  its  motion  to  the  ether,  ;ind  for  this  very 
reason  finds  difficulty  in  transferring  it  from  particle  to  ])nrtiele  ;  its 
molecules  are  in  fact  so  constituted  tiiat  as  lion  our  of  flu m  ;i])[iroarlies 
its  neighbour,  a  swell  U  la  oduced  in  the  intervening  ctiier  ;  this  motion 
is  inuucdiately  communiciited  to  the  ether  outside,  and  is  thus  lost 
Ibr  the  purposes  of  conduction.  The  lateral  waste  prevents  the  motion 
from  penetrating  the  alum  to  any  great  extent,  and  hence  it  is  pro- 
nounced a  bad  conductor.  These  considerations  seem  to  reduce  the 
phenomena  of  absorption^  radiation,  and  conduction  to  the  simplesi 
mechanical  principles. 

[J.  TO 
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WEEKLY  EVENING  MEETING, 

Friday,  Janoaiy  25,  1861. 
Toe  Bkv.  John  Baslow,  M^.  F*R.gL  Yioe-Frerident,  in  the  Chair. 

Db.  a.  C.  Waluch, 

On  ihe  Nature  of  the  Deep-sea  Bed,  and  tlie  Presence  of  Animai  Lijt 

alt  vast  Depths  in  the  Ocean. 

Ovn  first  cl&ir  -ilanro  at  the  floor  of  the  ocean  mny  be  said  to  date 
from  the  period  at  which  8uhm;irine  telegrapliy  was  first  undertaken. 
For  althuugk  the  depth  of  the  sea  has  been  approximatively  ascertained 
over  widely  extended  areas,  in  the  course  of  the  varioiu  surveys  con- 
doeted  under  the  anapieea  of  the  British,  the  United  Statea,  and  the 
Dutch  Governments,  hardly  any  previoos  attempts  have  been  made 
systematically  to  investigate  the  characters  and  composition  of  its  bed. 
In  the  absence  of  any  special  object,  such  attempts  woulfi  liavc  been 
far  too  costly  and  difficult  to  be  practicable.  It  has  been  ascertaincnl, 
however,  that  the  Hoor  of  the  ocean  is  but  the  reflex,  as  it  were,  of  the 
dry  land  ;  that  it  is  in  no  place  uiiiutiiiumable  ;  that  along  its  deeper 
portions  certain  muddy  deposits  are  to  be  met  with,  in  manv  cases 
made  up,  more  or  less  entirely,  of  minnte  calcareous  shells  belonging 
to  one  of  the  most  simple  order  of  beings  with  which  we  are  acquainted ; 
and  that  together  with  these  are  also  to  be  found,  but  in  oomparatiTely 
speaking  small  quantity,  the  minute  flinty  skeletons  of  other  organisms 
derived  botli  from  the  animal  and  vegetable  kingdoms.  But  no  con- 
clusive evidence  has  been  produced  to  show  whetlier  any  or  all  of 
these  or^nisms  normally  lived  and  perished,  at  the  profound  depths 
from  whence  they  were  obtained  by  the  sounding  lead ;  or  whether, 
having  inhalnted  distant,  and  perhape  shallower  seas,  their  dead  remains 
alone,  after  bdng  transported  by  currents  or  olber  agencies,  had 
gradually  subsided  into  the  deep  hollows  of  the  ocean.  Taking  into 
consideration  the  very  important  part  played  by  these  organisms  in  the 
structure  of  tlie  earth's  crust,  that  vast  stnita  havft  in  ages  gone  bv  been 
built  up  of  them,  and  tliat  similar  strata  are  at  the  present  timf  Ix  ing 
deposited  along  the  beds  ot  existing  seas,  the  invest igatioii  of  tliese 
questions  becomes  of  the  highest  conseiiuence,  as  bearing  on  the  suc> 
oessful  establishment  of  ocean  telegraphy . 

The  distribution  of  animal  lira  in  the  upper  waters  of  the  seals 
determined  by  climate,  by  the  composition  of  ita  waters,  tlie  nature  of 
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its  bed,  and  its  depth  in  any  given  locality  ;  tlie  last  of  these  items 
necessarily  involving  the  relative  dep^rees  of  temperature,  ii;]:;ht,  aeration, 
and  pressuro,  as  com})ared  willi  those  to  be  met  witli  near  the  surface. 
Of  these  condiiiuui*  climate  exercises  a  very  powerful  influence  ;  for  it  is 
found  as  we  advance  from  the  equator  towards  the  poles  that  a  gradoal 
dimioutioo  takes  place,  not  only  in  the  number  of  types  met  with,  but 
of  the  varieties  ranged  under  those  types.  It  has  been  maintained,  that 
in  order  to  oompensate  for  the  diminution  in  the  number  of  generic 
forms,  the  number  of  individuals  of  each  species  is  much  augmented. 
Alfliough  this  law  holds  good  as  regards  the  liit'^er  orders,  it  can 
iiardiy  be  said  to  do  so  in  the  case  of  the  lower  ;  for  the  vast  assemblages 
of  these  lower  forms  met  with  on  tli(  surface  of  the  sea  in  tlie  tropics, 
are  in  no  wise  less  extensive  than  those  met  with  in  hi<rh  latitudes.  It 
will  be  found  that  the  lower  the  grade  of  being,  the  more  equally 
balanoed  will  be  Its  distribution,  at  the  extremes  of  the  globe ;  inasmuch 
as  the  greater  range  in  depth  commanded  by  these  lower  forms  renders 
them  less  amenable  to  conditions  which  are  variable  from  being  de- 
pendent on  atmospheric  changes. 

The  composition  of  the  vraters  of  the  ocean  is  well  known  to  becorae 
much  more  equable  at  gretU  depths  ;  and  it  therefore  exercises  a  far 
less  marked  influence  on  the  presence  of  aiiuuul  liie  than  it  dt^^s  at 
the  surface.  The  same  causes  which  equalize  the  temperature  in  so 
remarkable  a  manner  as  the  depth  increases,  are  effective  in  equalizing 
the  relative  proportions  of  the  various  ingredients  that  enter  into  tin 
composition  of  sea  water,  in  all  latitudes.  For  whilst  the  surface 
stratum  is  subject  to  dilution  with  fresh  water,  from  various  sources,  the 
greater  the  depths  the  less  subject  can  the  waters  be  to  this  influence, 
and  the  less  ran  it  <>]>erate  in  modifying  the  distribution  of  the  organ- 
isms that  ire ( 1 . 1 1  n  t  '  i  i  em . 

Oxygen  is  es^iciitial  to  the  presence  of  animal  life — without  it 
animal  life  ceases.  To  air-breathing,  as  well  as  water-breathing 
creatures  a  due  supply  of  this  gas  is  indispensable ;  the  function  of 
respuration,  no  matter  whether  performed  by  lungs,  as  in  man  and  the 
higher  orders,^ or  by  a  simple  process  of  absorption  and  exudation 
through  the  g^eral  sur&ce  of  the  body,  as  in  some  of  the  lower  forms, 
being,  in  every  instance,  essentially  that  process  wh('re])y  oxygen  is 
received  into  the  system  lu  exchange  for  carboTiic  acid  wliieli  is  rr'iven 
off.  l>ut  although  oxygen  enters  largely  into  the  composition  of  both 
atiiiiivi  lieric  air  and  water,  the  snj)j)ly  of  this  element  is  not  obtained, 
in  the  case  of  creatures  iniiubiting  the  sea,  under  ordinary  circumstances, 
from  its  decomposition,  but  from  a  certain  portion  of  atmospheric  air 
present  in  water  in  a  state  of  solution.  Most  gases  are  absorbed  by 
water.  Under  pressure,  the  quantity  absorbed  is  much  increased,  ss 
is  seen  in  the  fiuniliar  case  of  soda-water.  It  should  be  borne  in 
mind,  however,  when  the  fact  is  applied  to  the  occurrence  of  animal 
life;  at  great  de]>ths  in  the  sea,  that  in  order  to  produce  the  absorption 
of  atmospheric  air.  its  eorifaet  or  mixing  together  at  the  surface  )>v  the 
actiuu  of  wind  and  wave  is  necessary,  and  the  etiect  of  this  operaiioa 
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OSD  only  extend  to  a  limited  depth,  unlen^  aBba§  heea  tmimed  by 
fome  of  our  bighest  authoritiet,  the  lower  strata  of  sea  water,  beiog 

FTibject  to  increased  pressure,  become  capable  of  holding  in  solution  a 
greater  quantity  of  oxyp:on  ;  and,  by  robbing  the  superinciitTibeut 
strata  of  that  which  tluy  contain,  gradually  berome  saturattni  with  it. 
Should  this  view  be  correct,  there  must  be  a  point  at  which  the  maxi- 
mum aiuouut  of  oxygeu  which  t>^  water  can  absorb,  is  permanetiiiy 
preaeat  in  it.  But,  inasmoeh  as  the  vegetable  cell,  simple  tbough  It 
be  in  atractare,  ean  eliminate  carbon  from  the  mediom  in  which  it 
lives,  it  is  not  unreasonable  to  aarame  that  the  lowest  forms  of  animal 
life,  even  where  no  specialized  oreans  are  traceable,  may,  in  like  man- 
ner, be  able  to  eliminate  oxygen  directly  from  the  water  around  them. 
•  The  temperature  of  the  sea  u  materially  infinrnri  rl  hy  the  climatic 
condihons  of  ditferent  latiuidLS ;  and,  of  course,  exercises  a  powerful 
etfect  iioth  ou  the  distribution  aud  abundance  of  the  higher  orders  of 
living  bein^  present  in  its  waters.  But,  as  has  been  shown,  this 
influence  ia  not  manifest,  or  at  all  eventa,  not  ao  manifbat  in  the  lower 
i^ders;  for  at  great  deptha  the  variability  of  the  temperature  ia 
reduced  within  very  narrow  limits  in  all  latitudes.  Now  the  higher 
orders  of  oceanic  creatures  inhabit  only  the  surface  waters,  never 
s!f)kiri;T  flown  to  exti^mc  depths.  In  the  case  of  some  of  tlie  lower 
ft'Tiiis,  on  the  otlier  lintid,  a  vprv  e\tf>iided  pathynietrical  range  exists, 
pulling  out  of  the  question  iUosi*  which  constantly  dwell  OQ  the  sea 
bed  itself,  of  which  I  shall  presently  have  to  speak. 

In  like  manner,  Light,  or  rather  the  absence  of  it,  can  hardly  be 
said  to  determine,  in  any  important  degree,  the  distribution  and  limita* 
tioa  the  lower  forms  of  animal  life.  Light  ia  not  essential  even  in 
the  case  of  some  of  the  higher  ordeia.  A  large  class  of  creatures, 
both  terrestrial  and  marine,  possess  no  true  organs  of  vision,  although 
there  is  good  rea.«?on  for  believing  that  they  do  possess  some  special 
sensory  apparatus,  susceptible  to  the  inHuence  of  liglit  ;  wliilst  certain 
creatures,  whose  habitation  is  in  subterranean  caves  or  lakes,  as  in 
the  Mat2:dalena  caves  near  Adelsberg,  and  the  Great  INIanunoth  caves 
in  Kentucky,  either  possess  no  organs  of  vision,  or  pi||ses6  them  in  so 
rudimentary  a  state,  as  to  prove  clearly  that  the  absence. or  imperfect 
development  of  this  sense  may  be  compensated  for  by  the  higher 
development  of  other  senses. 

It  Is  impossible  at  present  to  say  to  what  depth  light  penetrates 
in  the  sea.  Tlie  pliotograpiiic  art  will,  no  doubt,  one  day  solve  the 
problem.  But  it  is  almost  certain  that  a  limit  is  attained,  and  that, 
moreover,  long  before  the  deep  recesses  gauged  by  the  sounding 
machine  are  reached,  where  the  light-giving  portion  of  the  ray  cannot 
penetrate,  even  in  its  most  attenuated  condition ;  and  yet,  ai>  shall 
hereafter  be  shown,  creatures  have  been  found  down  in  those  profound 
and  dark  abyases,  whose  colouring  is  as  delicate  and  varied  as  if  they 
had  passed  their  existence  under  the  bright  influence  of  a  summer 
son ! 

Pressure  is  the  last  condition  which  has  to  be  noticed.  Although 
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undoubtedly  a  highly  important  one,  I  hope  to  be  able  to  prove  that  it 
is  not  of  essential  value,  as  has  heretofore  been  laid  down,  in  deter- 
mining  the  final  limit  of  animal  life  in  tlie  sea. 

It  is  almu:»t  needless  to  state  that  at  Uie  sea  level  tliore  exists  a 
preflmue  of  15  lbs.  on  erery  square  inch  of  wathce^  due  to  tho  wdght 
of  the  atmospheric  column  foiting  upon  it;  and  that  the  preamire  on 
the  succetsive  strata  of  water  in  the  sea,  aa  the  depth  increases,  is  infi- 
nitely in  excesi  of  this,  inaamuoh  as  a  column  of  water  only  33  feet  in 
height  is  capable  of  counterbalancing  the  entire  atmospheric  eolnmn, 
•which  extends  to  a  height  of  about  45  miles.  Acrorcliiigly,  for  every 
,33  feet  of  descent  in  tiie  sea,  putting  out  of  consideration  the  effect  of 
the  superincumbent  column  in  actually  diminishing  the  bulk  oi  the 
portions  beneath  by  augmenting  their  density,  there  is  an  additional 
15  lbs.  At  great  depths,  therefore,  the  aggregate  pressnre  becomes 
stupendous.  As  is  well  known,  pieces  of  light  wood  let  down  to  a 
depth  of  1500  or  2000  fathoms,  become  so  compressed  and  surcharged 
with  water  as  to  be  too  lieavy  to  float.  But  there  a  fallacy  in  this 
experiment;  for  the  contraction  of  the  woody  lii)re  and  cells  is  a 
necessary  consequence  of  their  submission  to  an  amount  of  pressure  so 
cnoiinuusly  in  excess  of  that  under  which  they  originated.  With 
urgaiiisms  which  have  been  developed,  from  first  to  last,  under  the  full 
operation  of  any  given  amount  of  pressure,  the  result  would  not  be  of 
this  nature ;  for  the  equalization  of  the  pressure,  withia  and  without 
their  entire  structure,  although  it  might  possibly  exercise  some  definite 
effect  in  determining  their  shape,  size,  or  even  functions,  cannot,  I 
submit,  oj)erate  in  causing  the  creatures  living  under  it  to  experience 
any  more  detrimental  results  than  we  experience  from  the  15  lbs,  on 
every  square  inch,  or  about  14  tons,  on  the  general  surface  of  our 
bodies  near  the  sea  level. 

It  can  scarcely  be  wondered  at  that  under  sach  apparently  extras 
ordinary  conditions,  the  maintenance  of  life,  even  in  its  least  developed 
aspects,  should  have  been  deemed  absolutely  impossible  at  extreme 
depths;  and  that  it  should  have  been  almost  unanimously  recognized  as 
an  axiom,  thnt  q|  a  depth  of  400,  or,  at  most,  jOO  fathoms,  life,  whether 
animal  or  vegetable,  must  be  extinct.  The  fact  is  unquestionable  tliat 
as  we  descend  beyond  the  first  hundred  fathoms,  tiie  traces  of  life 
become  more  and  more  remote ;  and  it  is  probably  owing  to  this 
gradual  dhninntlon  hi  the  number  animal  forms,  as  the  depth  exceeds 
this  limit,  that  it  has  been  assumed,  rather  as  a  matter  of  theory  than  of 
observation,  that  a  pcnnt  is  speedily  reached  at  which  all  the  oonditlona 
essential  to  life  are  extinguished.  This  view  has  also  derived  support 
from  the  idea  that  animal  life  depends  on  the  previous  existence  of 
vegetable  life."  In  the  case  of  tlie  iiis^'lit  r  cMdcrs  of  the  nniraal  kingdom, 
the  law,  no  doubt,  holds  good.  >»'ot  so,  however,  in  tlie  case  of  tiie 
lower.  The  conditions  essential  to  the  per]}etuaLii>n  of  the  one  are  not 
essential  to  the  perpetuation  of  the  other.  Thus,  light  is  indispensable 
for  the  healthy  respiration  and  growth  of  the  vesetable.  The  animal 
can,  on  the  other  band,  respire  as  fireely  in  the  bmclcest  darkness  as  in 
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the  broad  glare  of  day  ;  and  thu  is,  oo  doubt,  the  reason  why  Tege* 
table  life  in  the  ocean  attains  its  final  limit  in  depth  so  much  sooner 
than  animal  life.  And  yet,  considering  how  verj'  unexpectedly  animal 
life  has  been  proved  to  exist  deep  down  in  the  ocean — as  I  sliall  imme- 
diately show,  far  removed  beyond  those  conditions  which  hud  hitlierto 
beeo  oonridmd  inditpeDeAble — m  ou^bt  perhaps  to  paoae  befinre  m 
anerfc  that  the  nme  plastie  akill  which  has  bo  oonstttotcd  oertain 
cratuM  as  to  admit  oi  their  inhabiting  the  deep  abynes  of  the  ocean, 
may  not,  in  like  manner,  have  so  constituted  some  of  the  yegetable 
Oljganisms  as  to  be  capable  of  living  under  similar  oonf^itions. 

The  Forarnifiifera  are  tlie  organisms  to  wliich  reteienrc  has  been 
made  as  performing  so  very  inijiortant  a  part  in  tlie  formation  of  certain 
strata  on  the  earth's  crusU  They  occur  abundantly  in  all  existius  seas. 
They  are  to  be  met  with  in  a  foasil  state,  not  only  in  chalk,  but  in 
almost  aU  marine  sedimentary  strata;  as^  for  instance,  in  the  hard 
limestones  and  marbles.  The  recent  Foraminiftra  may  therefcte  be 
looked  npon  as  the  oldest  living  rqpfesentatiTes  of  any  known  class  of 
ocganisms. 

In  the  mud,  or  "ooze"  as  it  has  been  termed,  which  is  brought  up 
from  greiit  depths  in  many  parts  of  tiie  open  sea,  immense  assemblages 
of  Foraminifera  are  to  be  met  with,  cliietly  belonging  to  one  species 
however.  In  the  absence  of  examinations  conducted  immediately  on 
their  being  brought  up  to  thesoriaoe  by  the  sounding  machine,  it  is  not 
surprising  that  the  questum  as  to  their  occurrence  in  a  living,  or  only  in 
a  dead  state,  should  have  remained  undecided :  most  of  the  authorities 
who  have  written  on  the  subject  being  of  opinion  that  they  do  not  live 
at  great  depths,  but  that  tiieir  shells  and  remains  liave  drifted  to  the 
positions  in  which  they  were  found  irom  sliaHower  waters,  or  hnve  sub- 
sided from  the  upper  strata  of  the  ocean.  Professor  ilnxky  was  one 
of  the  veiy  few  who  leant  to  the  more  correct  opinion;  he  having 
dedared,  that  although  fiir  from  regarding  it  as  proved  that  the  GloM'- 
gerina  (the  speeies  refened  to)  live  at  these  depths,  the  balance  of 
probabilities  seemed  to  him  Uy  incline  in  that  direction.  Other  writers 
have  offered  surmises  on  the  subject ;  but  these,  in  the  absence  of  any- 
thing like  substantial  proofs,  werCf  of  cotftses,  only  estimated  at  what 
they  were  worth. 

The  difficulty  is  how  to  determine  the  point  conclusively.  For  it 
seems  legitimate  to  infer,  ihsX  if  these  organisms  are  specially  adapted 
to  exist  under  conditions  difeing  so  widely  firom  those  present  at  or 
near  the  sur&ce,  the  yery  circumstance  of  removing  than  firom  one  set 
of  conditions  to  the  other,  would  inevitably  destroy  their  Titality,  and 
perhaps  their  nonnal  structure,  before  it  could  become  practicable  to 
subject  them  to  microscopic  analysis.  Nor  is  the  difficulty  an  imnp^'- 
nary  one.  1  dr.  taking  into  consideration  the  entirely  altere<l  circum- 
stance«i  \u  whii  ii  tljcse  creatures  must  find  themselves  placed  when 
brought  to  tiie  sui  lace,  iocouiotiun,  or  e\  en  the  protrusion  ot  their 
filamentary  appendages,  could  hardly  be  expected.  The  mere  enstenee 
of  the  fleshy  parts  within  their  shdls,  and  that  too  in  an  apparently 
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roopnt  rondifion,  affords  no  proof,  inasmuch  Jis  tlie  great  quantity  of 
saline  nmtlcr  present  in  sea  water,  and  especially  at  great  depths,  would 
of  itself  alone  account  for  iheir  ])erfeci  siaie  of  preservation. 

**  During  the  recent  survey  of  llie  North  Atlantic,  1  found  that  in 
certain  locafities,  where  the  Globigerina  deposit  was  af  the  parest  kiod 
and'in  the  greatest  plenty,  the  speclmeiis  iroiii  the  immediate  suHkce 
stratum  of  the  sea-bed  alone  retained  th^r  normal  appearance,  both  as 
regards  the  perfect  state  of  the  s^ircodic  contents  cf  the  shells  and  tiia 
presence  of  the  pseudopodia.  The  l:Uter  orgnns  were  never  seen  by 
me  in  an  extended  condition  ;  but  in  the  s])(  <  imens  alluded  to.  and  in 
those  only,  occurred  as  nunute  bosses,  resenihliug  in  shape  the  rounded 
rivet-heads  on  boilers,  closely  appressed  to  the  external  surface  of  the 
shell ;  whereas,  in  specimens  from  the  snbstratum,  the  cdonr  was  much 
dnskier,  and  these  boases  were  absent.  And  further,  in  these  pure 
deposits  the  shells  were  to  be  found  in  ereiy  gradation,  from  the  single 
chamber,  of  microscopic  minuteness,  hyaline  transparency,  and  extreme 
thinness,  to  the  dense  Zeolite-like  stnicture  of  the  mnny-chamberetl 
mature  shells,  which  are  large  enough  to  be  readily  di<tn)guislie<l  by 
the  naked  eye.  These  factn,  when  tuken  in  conjunction  with  the  entire 
absence  of  the  varied  remains  of  other  organized  structures  found  in 
localities  where  the  Globigerinae  are  only  scantily  represented,  afford, 
as  I  oonoeiTe,  all  but  the  direct  proof,  which  can  only  be  arrived  at 
on  witnessing  locomotion,  or  the  protrusion  and  retraction  of  the  pseu* 
dopodia  of  the  organisms  in  question. 

"  ^^lost  fortunately,  as  it  happened,  this  collateral  evidence  was  ren- 
dered doubly  conclusive  by  other  proofs  of  a  most  unexj)ecte(!  and 
interesting  kind.  Before  entering  on  these,  I  may  state  that  tlu;  sub- 
stratum, spoken  of  as  differing  in  aspect  from  the  immediate  surface- 
layer,  is  nevertheless  identical  in  competition ;  the  difference  in  colour 
arising  simply  from  decay.  It  contains  no  living  Foramimfera ;  for 
the  minute  particles  oi  matter  becoming  gradually  condensed  and 
aggregated  together  by  molecular  afHnity,  and  the  enormous  supei^ 
incumbent  pressure  exerting  itself  only  in  one  direction,  that  is,  verti- 
cally. ])ermeability  by  fluids  is  thus  completely  destroyed,  and  it  is 
com[KU't(Ml  into  a  den.^f  m;i§s  of  far  too  unyielding  a  nature  to  admit 
of  its  bt  iiiLT  traversed  by  living  creatures  of  an\  kind.  As  the  Forami- 
nifera  die  off,  their  shells  and  decaying  coutents,  together  witli  the 
minute  particles  of  amorphous  matter  asBodated  with  them,  go  to 
build  up  the  calcareous  strata  of  the  earth's  crust.  I  would  metttion« 
that  in  order  to  determine  whether  the  Glebi^eritut  live  as  free 
floating  forms  in  the  mid  vtrrUa  of  Water,  I  attached  a  small  open* 
montlif'd  b!^<j.  at  about  fiihoms  from  the  extreme  end  f^f  the 
KCMiuiing  line,  in  a  locality  where  the  sjiecies  was  most  abundant  m  (he 
deposit,  and  brought  it  up  through  nearly  5000  feet  of  water  without 
securing  a  single  shell. 

But  by  hx  the  most  important  and  interesting  discovery  remains  to 
be  noticed,  namely,  the  detection  of  a  high  order  of  radiate  animal,  in  a 
living  sute,  at  a  depth  of  a  mile  and  a  half  below  the  surface  of  the  sea. 
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"  When  we  take  ioto  oonaideration  the  low  position  of  the  rhizopod 
in  the  scale  of  being,  and  the  obvious  probability,  pointed  out  by 
Professor  Huxley,  that  a  class  of  creatures  proved  to  extend  so  far 
back  in  time— tliat  is.  in  a  fossil  state — mmi  be  able  to  maintain 
existeiicc*  under  extraordinary  and  variable  conditions  as  rep^ards  light, 
temperature,  and  pressure,  the  sentiiueut  engendered  is  rather  one  of 
wooder,  that  their  iritality  at  great  depthi  ahould  have  been  lo  long 
and  m  stootly  matatained,  than  that  it  should  now  he  so  folly  proved. 
But  few  penons  were  bold  enough  to  suspect  that  creatures  of  a  &r 
higher  type,  namely,  Radiata,  could*  exist  under  similar  conditions ; 
and  I  freely  ndfuit,  that  nothing  short  of  the  most  incontrovf/rtiblc  ])roof 
oij^'ht  to  be  accej)ted  in  support  of  auch  a  view.  Je^ortunately,  i  am  iu 
a  pobition  to  atiord  that  })roof. 

In  sounding  midway,  in  the  direct  line  between  Cape  Farewell, 
the  aotttbern  point  of  Greenland,  and  the  north-west  coast  of  Ireland, 
in  lat.  59*  HT  N.^  and  long.  20*  41'  W.,  the  depth  being  1260  fathoms 
(or  2520  jaids),  whilst  the  sounding  apparatus  itself  brought  up  a 
considerable  quantity  of  minute  granular  particles,  looking  like  a  fine 
oolite,  but  which  was,  in  reality,  a  nearly  perfectly  pure  Globigerina 
deposit,  13  stnr  fislics,  from  I?  to  o  inrlies  in  diameter  from  tip  to 
tip  of  niys,  bi'!(ni_';liig  to  a  genus  pientiliilly  represented  on  our  own 
coasts,  came  up  adiiering  to  the  extreme  jO  iiithoms  of  .•mounding  line. 
These  Ophioconue  were  not  oidy  alive  on  being  brought  up  out  of 
the  water,  bat  some  of  them  contmoed  for  fully  a  quarter  of  an 
hoor  to  move  about  their  long  spinous  arms.  To  render  intelligible 
the  signtficaney  of  the  entire  circumstaooes,  I  must  mention,  that  in 
order  to  ensure  accuracy,  it  is  always  necessar}^  when  sounding  in 
deep  water,  to  ascertain  the  depth  by  one  sort  of  apparatus,  and  to 
bring  up  the  snmyde  of  bottom  by  another.  In  the  i>resent  case,  the 
ascertained  depth  was  1260  fathoms,  and  .50  fathoms  was  accorclinpfly 
paid  out "  in  the  second  operation  of  bringing  up  bottom,  iu  order 
to  make  sore  that  the  more  complicated  and  unmanageable  apparatus 
required  for  this  purpose  fiurly  rested  cm  the  bottom. 

*'  Now,  suppodDg  it  possible  that  these  star-fishes  were  drifting 
about  in  some  intermediate  stratnm  of  water,  between  the  bottom  and 
surf;iee,  it  U  evidetit  that  they  would  have  attached  themselves  indis- 
criniinaltly  to  any  portion  of  the  entire  1260  fathoms  of  line  ;  uides.s, 
indeed,  they  chanced  to  have  been  diroctin*^  ilu  ir  course  in  a  closely 
compacted  column,  which  was  transversed  by  tlie  hist  extra  50  falhums 
of  line  at  the  precise  moment  of  thdr  crossing  it  Whether  it  be 
possible  that  thsy  were  drifting  in  such  a  column,  or  floating  on  a  bed 
of  seaweed  or  other  substance,  is  immaterial,  inasmuch  as  they  could 
only  have  attached  themselves  as  they  did  to  the  portion  of  line 
referred  to  under  this  one  condition.  But  the  very  act  of  attachment 
would,  I  maintain,  be  impossible  iti  the  cjise  of  creatures  whcNie  move- 
ments are  so  sluggish,  when  tlie  object  which  they  had  to  grasp  was 
moving  upwards  at  the  rate  of  two  miles  per  hour  (as  it  does  when 
hauled  up  by  the  steam-engine),  and  without  a  moment's  intermission. 
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But  even  assuming  it  to  be  possible  that  they  had  drifted  to  the 
position  in  whicii  they  were  captured,  from  distant  and  less  profound  . 
depths,  the  &et  of  their  vitality  and  vigorously  healthy  oonditicm  would 
be  scarcely  leu  extraordinary ;  for  the  distance  from  the  nearest  point 
of  land,  which  is  a  rock  off  lodand,  is  250  miles  ;  whilst  the  next 
nearest  iand»  Greenland,  is  distant  no  less  than  500  miles.  But  it  must 
be  obvious  to  eveiy  one  who  is  at  all  conversant  with  the  structure  of 
the  Ophioromca  and  Echinoderms  generally,  that  they  are  essentially 
creepi?ig  and  crawling  creatures,  and  of  far  too  great  fl|)ecific  gravity 
to  tioat  at  all  under  any  circumstances, 

"  Taking  into  consideration  then,  the  circumstance  uuder  which 
these  Ophiooomm  were  taken,  the  extreme  improbability  of  their  having 
drifted  to  the  locality  in  which  they  were  fotrnd,  licom  distant  mi 
shallower  waters;  and  lastly,  (he  peculiarities  of  structure,  whiefa 
render  them  wholly  unfit  to  float  or  swim  for  even  a  brief  period,  we 
should  have  been  fully  warranted,  I  think,  in  believing  that  they 
existed  in  a  living  state  at  the  bottom.    In  order  to  obtain  gome  clue 
to  the  solution  of  the  question,  I  very  carefully  dissected  and  analyzed 
the  contents  ot  llie  digestive  cavity  of  n  specimen,  immediately  on  its 
being  brought  up ;  and  was  most  amply  repaid  by  the  detection  of 
numerous  Glabigeruue  in  every  stage  of  comminution,  and  with  the 
contained  saioodic  matter  in  greater  or  lesser  Quantity.  Whilst, 
therefore,  the  detection  of  these  organisms  in  the  digestive  cavities  of 
the  OphioeonuB  alfiirded  a  most  conclusive  proof  that  the  Foraminifera 
were  living  on  the  sea  bed  at  the  profound  depth  from  which  they 
were  obtained  ;  the  fact  of  thp  star-fishes  being  captured  with  thf^  frc«h 
remains  of  the  Foraminifera  in  rlicir  digestive  cavities, proves  that  lin  ir 
normal  habitation  is  at  the  same  great  depth,  inasmuch  as  it  ha^:  lit^n 
suliiciently  established  that  the  Globigerinse  are  present  only  at  the 
bottom.    I  may  mention  that,  within  the  past  few  days,  in  examining 
a  sample  of  the  Globigerina  deposit  brought  up  by  a  previous  sounding 
on  the  same  spot,  I  detected  some  Edunoderm  spines,  which  at  ones 
struck  me  as  being  identical  with  those  on  the  Ophiooomse ;  and  that, 
on  comparison,  my  surmise  proved  to  be  quite  correct :  a  further  and 
very  striking  proof  of  the  vitality  of  the  Ophiooomss  at  the  bottom 
being  thus  afforded." 

[G.  C,  W.] 
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WEEKLY  EVENING  MEETING^ 
Friday^  Febnury  1, 1861. 

The  Rev.  John  Baklow,  M.A.  F.R.S.  Yioe-Fresident,  ia  the  Chair. 

Rev.  A.  J.  D.  D'Orset,  B.D. 
BncUab  Leotmcr  At  Ootpw  Ouiati  OolkSB,  Umbridjfc 

On  the  Study  «f  tie  JSngUth  Language  as  an  EitenHal  Pari  a 

Umoersltg  Couree^ 

Ths  speaker  said,  that  plea  for  the  study  of  the  English 
Language  aa  an  easential  fiert  of  a  University  Course,"  was  a  subjeot 
which,  on  its  first  announcement,  might  seem  unsnited  to  tlic  distin- 
g;uished  auditory  which  he  liad  the  honour  to  address.  Some  nipiht 
regard  it  as  too  literary  to  be  within  the  range  of  an  institution  whose 
objects  were  more  directly  scientitic.  Others  might  consider  it  as  a 
purely  professional  question,  interesting  to  clergymen,  college  tutors, 
and  educators  of  all  kindfl)  but  having  no  dalm  on  the  attention  of  the 
general  public ;  and  not  a  few  might  be  founds  ivhom  the  theme  took 
entifely  by  surprise,  believing  it  hardly  possible  that  in  the  middle  of  the 
nineteenth  centurj',  it  should  be  found  necessary  to  plead  for  the  intro- 
duction of  the  study  of  our  own  English  toniiriie  into  our  own  English 
Universities.  In  rc|»ly,  he  urged  that  the  pliilosophy  of  language 
might  fairlv  elniin  i;ink  as  a  science,  Kor  was  the  question  of  an 
extended  ouiture  oi  the  motiier- tongue  one  oi  mere  professional 
importance,  for  it  conoerned  us  all  to  be  aUe  to  sav  what  we  had 
to  say  elearly  and  forcibly.  The  absence  of  such  culture  in  most  of 
our  Universities  was  a  fket;  and  the  results  were  evident  in  our  com- 
positions, our  speeches,  our  sennons,  our  reading  of  the  church  service^ 
and  even  in  our  conversation. 

The  speaker  then  defined  language,  not  stnijily  as  the  vehicle  of 
•  our  ideas,  but,  in  Whately's  words,  as  "the  instniiiK  i)t  of  thought.*' 
It  was  the  mysterious  machinery  by  which  thougiit  was  manufactured. 
Words  were  realities,  and  a  knowledge  of  words  correctly  taught  was  a 
knowledge  of  laetSy  for  every  woid  was  a  coin  in  the  currency  of 
human  interoourse.  The  abuse  of  a  thing  was  no  argument  against 
ita  use ;  and  if  the  sciolist  or  the  pedant  had  divorced  words  from 
ideas,  and  degraded  linguistic  studies  into  mechanical  taskwork,  that 
eoold  not  fairly  be  adduced  as  a  proof  that  such  pursuits  were  no 
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longer  useful  iu  a  practical  age  like  ours.  "Wordsworth  was  right 
when  he  said  language  was  *'  not  the  dress,  it  was  the  very  iucarnatioa 
of  thought/'  a  union  as  close  as  that  of  body  and  aoul.  He  felt  this 
prefiioe  neoeseary  to  vindicate  the  study  of  words  agtdnst  those  who 
smcied  it  was  opposed  to  the  study  of  things ;  but  his  business  was 
now  with  our  own  mother-tongue.  The  attention  of  the  audience  was 
then  called  to  a  very  large  map  of  Europe,  coloured  "  glossographi- 
cally,"  to  show  the  Relds  occupied  hy  the  great  families  of  languajres. 
Beside  it  was  suspended  a  chart,  hea(led  '*  Indo-Kuropcau  Languages." 
contiiiuiug  the  great  stems — Celtic,  Ciermauic,  Graco-Koman,  Scandi- 
navian, and  Sclavonic — at  ilie  heads  of  coiuoius,  under  which  were 
ranged  the  languages  and  dialects.  The  speaker  said  that  we  were  in 
origin  oriental,  kindred  in  language  even  with  the  Hindoo,  The  clearest 
idea  of  the  subject  might  be  formed  by  the  conception  of  waves  of 
peoples  and  tongues  rolBng  from  the  East,  of  wldch  the  Celtic  was  the 
first,  its  localities  being  now  tlte  extreme  western  points  of  Europe. 
The  '^tems  with  which  English  ]vm]  to  do.  w  ove  t!»e  Germanic  and  the 
Gra  ( o-Koinan.  He  then  poiuied  to  anotlier  large  map,  similarly 
colouipd,  of  the  liritish  Islaiuls,  with  an  accompanying  table  of  lau- 
guaged  aiid  dialects.  Coloured  diagrams  were  also  exhibited,  showing 
the  large  proportion  of  Saxon  in  English.  Out  of  100,000  wordity 
60,000  were  of  Teutonic  origin,  30,000  of  Romanic,  and  10,000  from 
other  sources.  Our  best  authors  used  far  more  Saion  than  Latin : 
Shakspeare,  85  per  cent,  of  Saxon  ;  even  Johnson,  75  per  cent.  ; 
and  Gibbon,  our  most  Latinized  writer,  55.  The  English  Bible 
had  97  per  cent,  of  Saxon  words.  The  writers  of  our  own  dny  were 
showing  a  much  greater  love  trir  good,  strong,  home-bred  words. 
He  now  begged  hi^  lieai  ers  to  look  at  the  bare  fact,  that  there  were 
twice  as  many  Saxon  words  as  Latin  ones  iu  our  tongue,  and  then  to 
say  whether  our  present  school-craft  was  right,  which  utterly  passed 
by  the  one  and  unfidrly  fostered  the  other.  It  was  too  bad  that  wa 
should  thus  undervalue  our  own  speech,  of  wliich  Grimm  had  said, 
"  The  English  langtuige  possesses  a  veritable  power  of  expression,  such 
as  perhaps  never  stood  at  the  command  of  any  other  language  of  roan." 

The  speaker  then  asked,  how  was  English  taught?  ITe  quoted 
Quintilian  as  to  the  choice  of  nurses  with  good  pronunciation,  and 
censured  the  carelessn^s  of  English  parents  in  allowing  vulgar,  un- 
educated servants  to  surround  their  children.  He  next  adverted  to 
the  sad  condition  of  English  teaching  in  most  of  our  Kational  Schools* 
pfovin^  his  assertion  from  the  reports  of  the  InspectofB.  He  had 
ascertained  that  in  our  great  pubUc  schools,  no  direct  attention  was 
paid  to  English  ;  no  reoognitioil  of  the  dignity  of  our  own  language 
and  of  its  idiomatic  structure,  so  different  from  that  of  the  ancient 
tongues ;  no  ortranized  English  department  with  an  able  Saxon 
scholar  at  its  lu  ad  ;  most  of  the  head-masters  being  of  opinion  that 
sufficient  provision  was  made  by  the  ordinary  practice  of  translation, 
writing  an  occasional  theme, or  declaiming  a  passage  from  61i;iks{)eare 
on  **  Speech-day."   Some  exceptions  existed, — the  City  of  Loudon 
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Sehool,  Kiiig  Edwaid't  Sdiool  at  Binniogham,  and  the  Sdiool  of 

1^1  ry  St.  Edmund's.  The  Uniirenities  bad  for  ages  sent  forth  men 
who  had  adorned  the  pulpit,  the  senate,  the  bar,  and  almost  eveiy 
branch  of  human  knowlrdg;!* ;  nnd  one  might  well  ]\Hnsp  before  pre- 
suming to  suggest  even  a  doubt  tliat  systems,  which  had  j)roduced  such 
great  and  varied  excellence,  could  be  deficient  in  one  of  the  chief  means 
tor  qualifying  the  student  fur  uuy  department  of  public  life.  All  this 
was  raedilT  admitted — ^die  mat  value  eknleal  and  mathematical 
stodies  as  disciplining  the  mmd  quite  undisputed— and  theUDiTernties 
defended  against  the  popular  cry  of  their  not  being  equal  to  tlie  re- 
quirements of  the  age.  But  still  the  warmest  supporter  of  the  existing 
order  of  things  must,  if  candid,  be  compelled  to  trr-mt,  that  there  existed 
some  seriou*?  defect  in  auy  system  of  educaiion  which,  while  sending 
out  a  few  brilli;iiif  stars,  leit  the  great  mass  of"  its  men  but  very  indif- 
ferent workers  iu  those  pursuits  which  were  to  be  the  business  of  their 
lives.  Were  it  the  special  duty  of  our  Universities  to  produce  dassical 
and  mathematic&l  professors  and  teachers,  possessing  not  merely  a 
critical^  but  a  hypercritical  knowledge  of  their  subjects,  the  present 
system  would  seem  admirably  calculated  to  fulfil  the  end  in  view. 
When,  however,  it  was  remembered,  that  nearly  all  the  Colleges  bore 
some  such  designation  as  the  "  ancient  and  religiom  foundation  of 
■  it  was  clear  they  were  intended  by  their  founders  as  training- 
schools  for  the  clergy ;  and  when  the  Universities  recognized  the  fact, 
tliat  the  education  g^iven  was  not  simply  vreparatory,  but  to  a  certain 
extent  professional,  by  their  institution  oi  Divinity  l^fessorships,  and 
by  requiring  the  attendance  of  theological  students  not  only  at  lectures 
but  at  examinations,  it  could  not  but  be  felt  as  somewhat  extraordinary 
and  inconsistent,  that  no  provision  liad  been  made  for  due  training  in 
%  that  langunge  in  which  the  future  clt  ruynian  was  to  address  his  flock 
— for  systematic  instruction  in  tiie  coini  ><itiofi  and  delivery  of  ser- 
mons, and  for  distinct  and  unaffected  rtutluig  ol  llie  Church  service. 
The  present  system  of  prizes  for  poems,  essays,  and  declamations 
stimulated  but  a  very  small  proportion  of  the  men-^the  scholarship 
referred  rather  to  the  niceties  of  the  cUssic&l  tongues  than  to  exercise  in 
our  own  idiom  ;  and  the  debating  societies,  to  which  some  attached  so 
much  value,  effected  but  p:irti;il  ^ood,  from  the  want  of  a  judicions 
criticism  of  the  youthful  orators.  These  nieetins^'i  did,  it  wxs  true, 
frequently  develojie  self-reliance,  but  they  also  encouraged  a  flashy 
decluiuulory  style,  whicli  prejudiced  many  thoughtful  men  against 

attempts  to  cultivate  the  art  of  public  speaking.  The  College  chapels, 
instead  of  being  normal  schools  for  Church  midtng>  were  practically 
the  revene ;  ibr  the  chaplains  generally  recited  the  prayers  as  if  the 
object  were  to  get  the  duty  over  in  the  shortest  time,  and  the  scholars, 

profitin*:^  by  the  example,  read  the  Lessons  rapidly,  indistinctly,  with 
little  attention  to  ])auses  or  emphases  ;  aful  they  were  seldom  corrected 
for  mispronunciation,  motiotony,  provitu  lal  accent,  or  any  error,  unless 
indeed  a  false  quantity  should  have  otiended  the  ears  of  the  clasbicid 
tutor.  The  University  and  College  authorities  seemed  to  take  it  for 
Vol.  III.   (No.  33.)  y 
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granted,  that  men  coming  into  resi«lence  were  fully  masters  of  the 
English  language ;  that  tliey  required  no  course  oi  study  in  so  ele- 
mentary a  matter  as  the  art  of  reading,  writing,  and  speaking  their 
native  tongue ;  and  that  they  must  just  do  as  others  had  done  before 
them  in  preparation  for  the  prayer^esk  and  pulpit, — trust  to  the  light 
of  nature "  in  vriting  and  delivering  sermons ;  or,  if  hard  pressed, 
they  might  oompile,  adapt,"  borrow,  b^,  or  hire!  Consequently 
little  or  no  encouragement  was  given  to  any  proposals  to  supply  these 
defects.  Several  I'l  ofessors  of  Divinity  had  tried,  but  in  vain,  to  get 
their  men  to  do  what  was  done  in  all  the  Scottish  T'niversities, — write 
and  deliver  trial  sermons.  An  eminent  elocutionist,  Mr.  l^iuniptre 
(a  member  of  the  English  bar),  bad  just  commenced  work  at  Oxford  ; 
and  an  English  Lectureship  had  been  founded  at  Cambridge;  but 
both  were  of  origin  too  reoent  to  be  at  present  taken  into  account. 
Certain  it  was,  that,  while  those  in  influential  positions  spoke  of  elocu* 
tion  as  mere  **  spouting,"  while  undergraduates  had  every  inducement 
to  devote  themsplves  exclusively  to  classics  and  mathematics,  and  while 
the  most  accomplished  luiglisli  scliolar  found  himself  no  better  oH'  in 
examinations  than  the  man  wiio  sent  up  his  papers  fall  of  errors  in 
grammar,  spelling,  and  punctuation,  there  was  but  little  hope  of  any 
extensive  measure  of  improvement  in  our  University  system. 

The  ^aker  then  rapidly  sketched  the  results  of  this  imperfect 
teaching,  as  shown  in  the  stagnant  condition  of  the  great  mass  of  our 
population,  urging  that  the  cases  often  quoted  of  great  intelligence 
were  quite  exceptional.    Millions  of  our  countrymen  never  opened  a 
book.    Of  tlie  thirty  millions  in  these  islands,  fourteen  millions  never 
entered  a  place  of  worship.     Many  causes  might  oj)erate.  but  he 
believed  a  great  one  was  the  want  of  language  ^  the  utter  inability  to 
understand  what  was  read  or  spoken.  And  how  should  it  be  otherwise  * 
with  peasants  whose  stock  of  words  was  limited  to  360,  and  whose 
clergymen  were  incapable  of  preaching  a  sermon  in  good  plain  Saxon- 
English  ?  In  the  middle  and  upper  classes,  too,  the  knowledge  of  English 
was  very  defirifnt.    De  Quincey  had  said,  most  truly,  "  It  makes  us 
blush  to  add  tliat  even  grammar  is  so  little  of  a  perfect  attaiument 
amongst  us,  that,  with  two  or  three  exceptions,  we  have  never  seen  the 
writer  who  has  not  sometimes  violated  the  accidence  or  the  syntax 
of  English  grammar."   And  he  adds  that  ihults  in  composition  noav 
be  detected  in  every  page  of  almost  every  book  that  is  published. 
How  few  could  write  a  really  good  letter !  How  many  of  our  writers 
seemed  to  know  nothing  of  ptmctuation  !  IIow  many  youths  of  good 
families,  educated  at  our  public  schools,  have  been  rpjectcd  at  our 
civil    service  examinations  from  slicor  ignorance  of  spelling  !  What 
errors  in  the  choice  of  words,     lay  "  for  "  lie,'*  **  expect  "  for  sup- 
pose " — what  harping  uj)on  jiet  words — what  blunders  in  syntax — what 
efforts  to  write    fine  English — ^what  adoption  of  slang  and  foreign 
terms !  And  what  was  to  be  said  of  our  speech-makers  ?  Ftofessional 
orators  set  aside,  what  lamentable  exhibitions  were  made  on  our  plitt- 
forms  and  hustings,  at  our  public  dinners  and  our  wedding  breiJLfasts ! 
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Komiiifttivas  in  TaiD  lemrdi  of  miisiiig  rertw—Terlis  pursuing  nomiua- 
tivw  without  fluooMs ;  plunLi  and  nngolan  joined  in  ungnumnatical 
wedlock ;  premises  laid  down,  from  whtcb  no  conclusioos  were  drawn ; 
many  oonolusions,  with  most  velicment    therefores/'  diawn  fiom  ima- 

j?in;iry  premises  !  Sncli  speeches  owed  much  to  the  mercy  and  the 
talent  of  reporters,  w!k)  could  bring  order  out  of  cliaos,  sense  out  of 
nonsense,  and  even  eloquence  out  of  the  veriest  platitudes.  And  yet 
these  are  the  results  of  our  training  in  grammar,  which  ought,  in  the 
fiuDoos  words  of  Lindley  Murray,  to  enable  us  to  read,  write,  and 
•peak  the  English  language  with  fluency  and  propriety  I  ** 

Our  IJniYersities  bad  not  much  to  boast  of  as  the  results  of  their 
teaching  in  this  respect.  There  was  sound  scholarship — ^there  were 
profound  matlH^iKUical  attainments — there  was  a  certain  amount  of 
the()lof]^y  ;  in  short,  great  disciplining  of  the  powers — much  storing  of 
the  mind — but  no  direct  training  in  riding,  writing,  and  speaking 
English— the  daily  business  of  all — the  profesaional  duty  of  the  clergy. 
They  might  listen  to  the  way  in  which  the  Church  Service  was  read  in 
nine  eases  out  of  ten  as  a  proof  (indistinet  uttevance^  incorrect  pro- 
nunciation,  provincial  accent,  fiUse  emphasis,  drawling,  monotony,  Ac.) 
— to  the  dull,  listless  style  in  which  sermons  were  composed  ana 
delivered,  and  to  the  |)ainful  iittenipts  of  most  clergymen  to  do  what  the 
barrister  or  the  member  of  Parliament  did, — speak  without  paper.  In 
Parliament,  too,  matters  were  not  much  better.  With  some  dozen 
exceptions,  in  neither  House  were  there  any  really  good  i)ublic 
speakers.  Of  the  10,000  speeches  made  last  session,  5000  utight 
have  been  spared,  and  the  rest  given  in  a  tenth  of  the  time,  if  the 
speakers  had  been  trained  to  speak  to  the  point,  to  say  what  they  had 
to  say  in  the  fewest  words.  If  volunteers  must  be  drilled,  public 
speaking  must  be  taught.  Three  months  under  a  sound  teacher  of 
elocution,  of  which  there  were  several  in  London,  would  enable  noble 
lords  and  honoumble  members  so  to  articulate  as  not  to  be  reported 
inaudible  in  the  gallery  and  three  months  more  under  a  composi- 
tion master  would  teach  them  the  art  of  constructing  an  English 
sentence,  warranted  not  to  fidl  to  pieces  in  the  course  of  delivery. 

In  other  countries,  the  native  tongue  was  not  neglected.  In 
France,  the  language  of  the  oounti^  fras  carefully  taught  through 
the  whole  course  of  a  boy*s  education ;  the  examination  paper  for 
degrees,  in  1861,  cotitntned  five  Greek,  six  T.ntin,  and  eiqht  French 
authors.  When  would  that  be  matched  iu  Oxford  and  Cambridge? 
Kothiiig  cuulil  be  belter  than  the  teaching  of  the  mother-tongue  in 
Germany.  And  the  common  objection  rait>ed  by  our  exclubively 
classical  men,  that  the  study  of  English  would  Interfere  with  Latin 
and  Greek,  was  met  by  the  &ct8,  that  in  Germany  the  very  best 
philologbts  were  to  be  found ;  that  fiom  Germany  our  compilers  of 
grammars  and  dictionaries  were  glad  to  draw  their  most  valuable  in- 
formation ;  and  that,  while  German'^  were  at  least  our  equals  in  the 
languages  of  Greece  and  Kouie.  they  were  unquestidualily  our  siuperiors 
in  Oriental  and  European  toiigues.    And  there  could  be  no  doubt 
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that  the  profounder  attainnifiiits  were  doe  to  the  sound  syitem  of 
teaching  the  principles  of  grainiDar,  based  on  their  own  mother-tongue, 
from  the  very  earliest  a^rp 

At  home  there  had  lonsj;  hoQw  some  cheering  signs  of  encourage- 
ment. Tn  1834  tlie  Lord  Vrovost  :iiid  magistrates  ut  Glasgow  had  Ted 
the  way,  by  establishing  iu  the  High  School  of  that  ciiy  a  department  of 
the  English  language  and  liteiataie.  English  profesMiships  had 
been  foonded  in  ^ig*s  CoUege  and  TJnWemty  College,  London; 
in  Dublin^  and  recently  in  the  Queen's  Colleges.  Professor  Aytonn 
had  restored  the  subject  in  Edinboigh.  The  theological  colleges  of 
the  Church  of  England  were  moving ;  but  the  Dissenters*  colleges, 
especially  the  one  under  Dr.  Angus,  seemed  more  practical.  Another 
•encouraging  symptom  was  the  demand  for  a  far  superior  class  of  books 
— the  writings  of  Whately,  Kichavdson,  Bosworth,  Smart,  Bfax 
Miiller,  Latham,  Trench,  Dasent,  iUasson,  Craik,  IIuiiLer,  Morell, 
DemaoB,  and  last  not  least^  Farrar. 

The  press,  too,  was  on  cor  sideu  The  Timit  not  only  by  its  own 
iBcy  idiomatic  English  was  the  composition-master  for  all  England, 
but  had  done  good  service  by  calling  attention  to  the  ''aomethiog 
rotten  in  the  state'*  of  school-work,  as  shown  by  the  comprtitivc 
examination*'.  The  Saturday  Hemew^  too.  wa'^  nn'^^pnrinp!:  in  its 
criticism;  and  even  our  facetious  friend  Punch  defended  purity  of  lan- 
guage from  the  contiuuination  of  slung,  foreign  terms,  and  the  vulgarity 
of  "  fine  English.".  An  admirable  article,  by  Mr.  Hobiiisou,  of  York,  in 
MaemUMs  Magazine,  must  not  be  unnoticed. 

The  remecUes  suggested  were : — 1.  Twining  schools  fbr  nnneiy 
gOTcrnesses*'  2.  Greater  care  in  giving  National  Schoolmasters  a 
thorough  knowledge  of  English,  spoken  and  written.  8.  Encourage* 
ment  to  really  frood  men  to  become  and  to  remain  National  masters,  by 
rewarding  distinguished  veteran!^  with  8cliool-Insi)ectnrshi|is.  instead 
of  limiting  such  ollict^,  as  at  present,  to  young  clergymen  and  bar- 
risters. 4.  The  appointment  by  the  Connnittee  of  Council  of  a 
Government  Lecturer  in  each  county,  whose  duty  it  should  be  to 
lecture  on  the  principles  of  English  teaching,  and  to  instroct  the  school- 
masters. 5«  The  introdnction  of  a  thoroughly  accomplished  scholar 
as  English  master  in  eveiy  great  public  school,  not  a  mere  educational 
drudge,  a  general  utility  gentleman,"  to  look  after  the  "  small  boys,** 
but  one  of  equal  rank  with  the  classical  masters.  6.  The  endowment 
of  at  least  one  Professor  of  Englisli  in  every  University  ;  his  duty 
being  to  give  men, during  their  undergraduate  ©ireer,  a  critical  know- 
ledge of  the  language,  supplying  deficiencies,  correcting  errors  in 
speech  and  writing,  suggesting  courses  of  reading,  drilling  the  future 
banister  and  legislator  in  accurate  and  fluent  oratoiy,  and  training 
candidates  for  the  ministry  to  read  distinctly  and  unaffectedly,  and  to 
compose  mv\  deliver  sermons  in  a  clear,  impressive,  and  attractive 
style.  7.  Making  English  take  its  place  with  Latin  and  Greek  in 
every  examinafio!!  for  degrees,  as  it  does  in  the  India  CiNil  Service 
examinations,  and  giving  substantial  rewards  (Scholarships  and  eliow- 
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ships)  fur  ilistiuction  in  English,  as  for  einiuencc  in  Claries  and 
Mathematics.  8.  The  co-operatioD  ui  Liie  liishops  in  exactiug  from  all 
candidatea  for  Holy  Oiden  proofii  of  compeleiiej  in  reading  the  Chnrch 
Servtoe,  oompodtion,  delivery  of  iennons,  and  extemporaneoiu  apealL- 
iog.  I'he  speaker  was  perfectly  aware  of  the  objeetions  that  would  be 
raised  against  such  proposals ;  but  if  these,  or  most  of  these,  were  carried 
into  oHfct,  he  beli'  ved  the  greatest  benefits  would  result,  not  merely  in 
a  littTarj-,  hut  in  a  moral  and  religious  point  t)f  view.  He  concluded 
by  expressing  his  regrtt,  that  he  had  been  only  able,  in  the  limited 
time  allowed  bini,  to  throw  out  a  few  practiciil  suggestioos ;  and  he 
thanked  the  audience  for  the  veiy  kind  and  mamd  attention  willi 
which  they  had  listened  to  his  observations. 

[A.  J.  D.  D.]  ^ 


GEN  Eli  AL  MOi^  THLY  MEETING, 

Monday,  February  4,  1861« 

William  PoLBy  Esq.  M.A.  F.R.S.  Treasurer  and  Vice-Fxesidenti 

in  the  Chair. 

Nicholas  P.  Leader,  Esq. 
was  ekeied  a  Member  of  the  Boyal  Instituti<m. 

With  refei^oce  to  the  Minutes  of  the  Meeting  on  November  5 
lasty  the  following  Resolution  was  moved  bv  Pbofkbsob  Fabadat, 
seconded  by  Mb.  G.  Mac  ilwain,  and  cairied  unanimously  : — 

Besolvbd, — ^That  the  Members  now  assembled,  desiring  to  record 

in  their  INfinutes  the  deep  sense  they  entertain  of  tlie  long,  devoted,  and 
eftectual  services  of  the  Rev.  John  B.mu.ow,  whilst  thrir  Ilorinrary 
Secretary  for  a  period  of  eii^lilci  ti  yonrs,  which  they  esteem  as  a  ser- 
vice of  love  to  tlie  Royal  Institution  and  to  science,  do,  for  themselves 
and  the  general  body,  oflRar  him  their  best  and  sincerest  thanks  on  the 
oocadon  oi  his  retirement^  and  the  heartiest  wishes  ibr  his  health  and 
happiness. 

♦ 

Sir  IIenrt  Hollahd,  Bart  M.D.  F.R.S.  was  elected  a  Manager 
of  the  Royal  Institulion,  in  the  room  of  Sib  Cbablkb  Fbllow% 
deceased. 
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The  pR!->F\T«!  rpcotved  sincf  thp  l;i?t  ^foeting  were  laid  on  tho 
table,  and  the  tiiauks  of  the  Members  returaed  for  the  same  :  viz« 
Fbom 

Secretary  of  State  for  India^Bomh&y  Magnetical  and  Meteorogtcal  ObwraliuMy 
1858.   4to.  1859. 

AclnarieSj  Institute  o/— The  Assurance  Magaziue,  No.  42.    8to.  1861. 
Archibalds  C.  D.  Etq.  F.R.S.  MM.I.  {the  Author)-^Tyio  Lettexs  oo  the  Atlantic 

and  Padfie  Rulways.   8vo.  1860. 
Arts^^Societ^  ^— Joarnal^  Nov.  1860  to  Jan.  1861.  8to. 

Adatic  Socutjf  ^  JBmtgal — Oatalogiie  of  Foitii  Bemaiiw  in  th«ir  Moaeoiii.  8to. 

1859. 

Jooniftly  N<k  278.  Bto, 

Astronomical  Society,  Kot/a1 — ProceediDgs,  No.  2.    8vo.  ISRl. 

Jiavnrian  Academy  of  Scimcfls,  /foyrr/— Bit xnngsbcrichte,  I860;  Heft  3.  Svo*  I860. 

Alihaiiillungt-n,  Band  VIII.    Abth.  li.    4to.  IB60. 
^mnlmtf  Gettgraphical  Society — TiaiiKactions,  Vol.  XV.    8vo.  1860. 
Bo{fiefd,  L'enah,  Esq.  M,P.  F.R.S.  .M.HJ.{the  ^iifAor)-8hrapdiiic,  its  Uistoiy 

and  Antiqaiti^ :  an  Address,  &c.   4to,  1860. 
IMAin  Geological  Society— JoaTnal,YiiL  VIII.  Part  a.   8to.  1860. 
.£<fi7or«~Ainericau  Journal  of  Science,  by  B.  Sillimaiit  &o.   No.  90.    I860.  Sto. 

Art!/nn.  Nov.  1860  to  Jan.  isr.l.  4tO. 

AUitMUium,  Nov.  I860  to  Jau.  1861.  4to. 

Chemical  Gazette,  No?.  I860  to  Jan.  1861.  4to. 

Engineer,  Nov.  1860  to  Jan.  1861.  fol. 

Uwolc^cal  Joamal,  No.  29.   8va  1860. 

Joartnlof  Ga»- Lighting,  Nov.  1860  to  Jan.  1S$1.  4to. 

Mechanics'  Magazine,  Nov.  1860  to  Jan.  ISGl.  8vo. 

Medical  Circular,  Nov.  18C0  to  Jan.  1801.  8to. 

Practical  Mechanics'  Joamal,  Nov.  1860  to  Jan.  Ib^l.  -ito. 

St.  Jamei^s  Mcdl«j,  No.  25.  8?o.  1861. 
Farad"!/,  Pnftfuor,  D  C.L.  Monatsberichte  der  Akidcmio  der  WtMen- 

schal'leu  zu  i^rlin  :  Aug.  uml  S^.'pt.  1860.  8vo. 
FroMklin  Institute  of  Pennsylvania — Journal,  Vol.  XL.  No.  6.    8vo.  I860, 
Frehe,  Dr.  II.  (the  Author)-^Ou  the  Origin  of  Spedet  by  Meuw  of  Orgamc 

AfBiiity.    8vo.  lpr,0. 
Gen^,  Society  de  Physique— Mfmoina.   Tome  XV.  2*  Partie.   4to.  1860. 
CMoffieal  Sonerir—Proeeedings,  Jan.  1861.  Sro. 
Geoaraphical  Society f  Iioyal—iovin\\\\.  Vol.  XXX.    8vo.  1861. 
Gilbart,  J.  W.  Esq,  FM,S.  {the  AuUtor)~The  EiemenU  of  Banking.  4th  ed. 
16to.  1860. 

Goodevcy  Pr(fessor  T.  M,  ^^.A.  (f^e  ^utW>~EleBientsof  MechanifiB.  16tOk  I860. 

HortirnltHriil  s<  r'  t J  <>f  A<ynJr>^i— Proceedings,  Nos.  19,  20.    8vo.  i860. 

LuUiockt  John,  J^i>q.  F.Ji.S.  MM.I,  {tht  AtUhor)—Oa  aomQ  Oceanic  Entomoatraca, 

(Traaa.  Linn.Soc.  Vol.  XXIII.)  4to.  1861. 
Madtu,  S,  J.  £aq,  {the  £<ia0r)— The  Geologist,  Nov.  1860  to  Jan.  1861. 

8vo. 

Maillv,  M.  E,  {the  Author)— Eami  sur  ies  InstitutioDS  Scicotiiiqaes  de  la  Gxande 

wvtagne  et  de  rirlande.  I.    16to.  1861. 
Montiuju,  Cai>i.  M  ,  MJl.T.  { the  Author)— Vxfty  ^nneX^.    8vo  1860. 
Newton,  Meitsrs. — Loudou  Journal  (New  Series),  for  Nov.  i  sco  to  Jan.  1&61.  8vow 
Nifihet,  and  Co.  Messrs. — Quarles'  Emblems.     Illustrated  by  C.  Bennett  and 

H.  Rogers.    8vo.    1861.  • 
Page,  Thomns,  Esf/.  (thr  /tM/7<r)r)— Koport  upon  the  ImprofTement  of  the  Biter 

Neue  fi^m  Peter bu  rough  to  the  Sea.   4  to,  1860. 
PtUrnuamf  A,  E^q.  {the  £iJ£f«r)~Mittheilnogen  anf  dem  Genmmtgelttele  der 

Geographic.    1800,    Heft  11,  12.    Ito.    Gotha,  I860. 
Phntnqraphic  SoriVfy  — Journal,  Nos.  104,  105.    8vo.  1H(;0. 
PrincCf  C  Lceson,  Esq.  {the  i4uM<ff-)— Meteorological  Journal  al  Uckfield.  I860, 
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Pritchardf  Andrew,  Esq.  M.Ii.I.  (the  Author)— H'mioTy  of  Infusom,  &c.    4th  ed. 
8vo.  1861. 

Sadcliffe  Tm'ttrrs,  Orford — Radcliffe  Catalogue  of  Stars  for  1845.  8vo.  1860. 
Homa,  Accatiemia  PmUificia  de*  Nuovi  Lincei — AUi,  Anno  xii.  Sew.  4,  St,  6,  7. 

Amo  idii.  Sen.  1.  4to.  1859-60. 
£oyal  Society  qf  Edinburgh— Tranaaciiom,  Vol.  XXII.  Ffttt  8.  4t0.  18<X>. 

Proceeding?,  No.  HO.    8vo.  18r)9-(.0, 
Jio(fal  Societif  of  London — PhUo8ophical  Transactions  for  id60.    Vol.  CL.  Part  1. 
4to.  1860. 

Proceedings,  No8.  41,  42.    8vo.  1860. 
Bomi  Hccieljf  ^  ToMiattia-- Papers  aad Proceedings,  Vol.  HI.  Part  2.  Svo.  1860. 

Beport  for  1858.   8yo.  1859. 
Scottish  Sociiiif  of  Ari»,  Royal — Transactions,  Vol.  V.  Part  4.  8tO.  I860* 
Statistical  ^i;)c<V/y— Journal,  Vol.  XXIII.  Part  4.    8vo.  I860. 
Unittd  Service  Institution — Journal,  No.  14.    8vo.  1860. 
Vereins  zwr  B^Srdav»9  de$  OtMHO^tfidmet  w  Prmtwten  VerhMdlungen,  Septniid 
Oct.  1860.  4to. 

VoljnceUi,  Pr^essor  P,  {the  Author)— Di  ano  Stereoscopio  Diafframmatico  Nota. 
4to.  1854. 

Descrizione  di  nn  Nuovo  Ancmometrogmfo.   4to«  1869* 
Snlla  Ix^^L'K'  di  Mariotte  Memoria.    4to.  185'J. 
y'cUen,  JutneSf  1^.  i  .li.S.  F.S.A, — Memorials  of  Joseph  Priestley.  8vo.  1861. 


WEEKLY  EVENING  MEETING, 

Friday,  February  8,  1861. 

Sib  KoDJUtiOL  I.  MoBcausoN,  F.B.S.  Yioe-Presideiit,  in  the  Cbair. 

Pbofemor  T.  H.  Hdzlbt,  F.BJ3. 
On  the  NaUtre  of  the  Earliett  Stages  of  the  Development  ofAmmaU. 

The  lecturer  commenced  by  giving  a  general  description  of  the  stroc- 
tnre  and  singular  properties  or  the  animal  organism,  termed  Pyroeoma 

Giffanteum,  a  specimen  of  which,  taken  by  Capt.  Callow  in  the 
Korth  Atlantic,  had  been  forwarded  to  him  by  Admiral  Fitzroy,  in 
the  autumn  of  1859. 

Not  only  had  his  investicratioiif;  enabled  the  speaker  to  verify  the 
most  iuipuriaiit  of  the  stateiiieius  made  in  his  memoir  on  Pyrosoma^ 
puljiis»hed  in  the  PhilosopUical  Transactions  for  18ol  ;  but  they  had 
rereoied  pecnliaxities  m  the  mode  of  repradnctkm  of  the  animal,  of 
great  interest  from  their  bearing  on  some  of  the  most  difficult  questlona 
of  embiyology. 

In  order  to  render  the  importance  of  these  new  fects  obvious,  it 

was  necessary  to  premise  a  concise  statement  cif  onr  ]>resent  knowledge 
with  regard  to  the  early  stages  of  animal  developmeot.   To  this  end 
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the  stnicturo  of  the  fowl's  egg  was  described,  and  tlic  vflVcts  of  incuba- 
tion were  tniced.  so  far  as  was  necessary  to  prove  that  the  ciiick  takes 
lib  ungiii  iiom  liie  cicatriculu,  or  blastoderm. 

It  was  next  pointed  oat,  that  we  owe  the  diseovery  of  this  hnportaot 
fact  to  the  great  Hairey,  who,  Id  his  Exerdtationes  de  Greneiatione 
Animalium/'  demonstrated  with  perfect  dearnesSy  firacly,  tlwt  the 
chick  is  develo|)ed  fix>m  the  cicatricula,  and  not,  as  had  been  sapposed^ 
from  tin'  cluil  i/a*,  Of  Other  parts  :  nud  secondly,  that  the  process  of 
dovelo))nir  !it  is  ;ii>    epigenesis/'  or  gradual  addition  of  uew  parts  to 

those  alrc:i(ly  ibriiied. 

Ill  virtue  of  these  discoveries,  IJarvcy  has  as  much  right  to  be 
regarded  as  the  originator  of  modem  embryology,  as,  in  virtue  of  his 
discoveiy  of  the  circulation,  he  luis  to  be  considered  the  founder  of 
scientific  physiology  :  but  liis  embryological  views  met  with  a  less 
fortunate  reception  than  his  physiological  doctrines ;  and  for  a  een* 
tury  and  a  half,  the  strarjge  dogmas  of  the  evoliitiotiisLs.  supported  by 
the  vast  autliority  of  Ilaller  and  of  Cuvier,  wore  allowed  almost  roui- 
pletely  to  override  aud  weigh  down  the  souuder  teaclungs  of  the  great 
Englishman. 

With  the  publication  of  Caspar  F.  WoMTs  **  Theoria  Generationis/* 
in  the  middle  of  the*  last  century,  however,  a  new  epoch  commenced  ; 

and  partly  by  the  labours  of  that  ^inent  observer,  and  still  more 
largely  by  those  of  Pander,  Von  Bar,  Rathke,  and  Reichert,  Harvey*s 
doctrine  has  been  rehabilitated,  and  has  taken  its  place  among  the 
firmly  ascertained  veritif's  of  science. 

For  want  of  proper  niicroscoj>es  and  oUier  appliances,  neither 
Harvey  nor  C.  F.  Wolff  could  trace  the  origin  of  the  genu  furiher 
back  thau  the  blastoderm ;  still  1^  could  they  obtaiu  any  just  con- 
ception of  the  essential  structure  of  the  ovum.  But  in  the  course  of 
the  last  thirty-five  years,  thanks  to  the  labours  of  Purkinje,  Von 
B2r,  Wagner,  Bischotf,  Wharton  Jones,  Prevost,  Dumas,  Coste,  and 
others,  vast  advances  have  been  made. 

It  has  been  ascertained  that  the  ovum  of  every  animal  primnrily 
consists  of  a  gemiinal  vesicle,  containing  its  so-called  spot,  and  enclosed 
within  a  yelk,  or  vitellus ;  and  tliat,  in  the  great  majority  of  cases,  the 
first  changes  which  follow  upon  impregnation  consist  iu  the  disappear- 
ance of  the  germinal  vesicle  as  such,  and  the  regular  division  of  the 
yelk  into  smaller  and  smaller  masses^  out  of  which,  in  one  way  or 
another,  the  blastoderm,  of  which  the  embryo  is  a  modification,  arises. 
Such  yelk  division,  however,  has  not  yet  been  observed  among  the  higher 
Annnhsff^  nor  in  certain  Entozoa,  nor  (h>es  it  occur  in  Pjirosorna. 

So  !Ti7!oh  l>eing  definitelv  ascertained,  there  is  yet  one  question 
up<jn  wliii'h  einbryologists  are  widely  divided,  viz.  What  is  the  relation 
between  the  germinal  vesicle  and  tlie  cells,  or  structural  elements,  of 
which  the  blastoderm  is  composed  ?  Three  answers  have  been  given  to 
this  question : — 

1.  According  to  the  late  Dr.  Barry,  the  blastoderm  arises  from  a 
modification  of  the  germinal  vesicle,  in  a  manner  particularly  de- 
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St  rihed  by  him.  No  other  observer,  however,  has  been  able  to  discover 
a  tr<u  e  of  this  process  ;  and  it  may  be  regarded  as  tolerably  certain 
that  lU  describer  whs  luistakeu. 

2.  According  to  Bisbhoff,  Edlliker,  and  the  majority  of  embryolo- 
gists,  the  germiual  vesicle  and  its  contents  disappear,  and  haye  no 
direct  connection  with  the  cells  of  the  blastoderm. 

3.  According  to  obsenrations  of  the  late  Johannes  MQller,  of 
Gegenbaur  and  others,  the  germinal  v^cle  may  give  rise  directly^ 
by  division,  to  the  cpIIs  nf  the  blastoderm. 

The  iiiudy  of  the  development  of  tiie  embryo  of  Pyroso7Ha  yields 
results  in  close  conformity  with  the  last  view.  Tlie  ovum  of  this  ani- 
mal is,  in  fiict,  composed,  at  first,  like  all  others,  of  germinal  vesicle^ 
genninal  spot,  and  vitellus ;  but,  in  the  course  of  development,  the  vitel* 
lus  disappean,  probably  becoming  liquefied,  and  the  germinal  veside 
is  laid  bare,  so  that  it  becomes  conipaiatively  easy  to  watch  the  sub* 
sequent  changes  in  its  interior.  Tfinse  consist  in  the  deposit  of  a 
somewhat  opaque  mattor  and  the  division  of  the  prr  rminnl  spot,  so  ns  to 
give  rise  to  the  eudophists,  or  nuclei  of  the  blastoderm,  which  is  tltus 
primarily  formed  within  tlie  interior  of  the  germinal  vesicle. 

The  speaker  concluded  by  observing,  that  it  is  not  improbable  that 
the  process  thus  traced,  is  similar  to  that  by  which  the  blastoderm  of 
the  higher  Annulota  arises,  and  that  it  will  probably  furnish  the  key  to 
the  signification  of  the  multiple  germinal  spots  observed  in  so  many  of 
the  lower  Vertebrata ;  while,  by  proving  the  direcl  descent  of  some  of 
the  histological  elements  of  the  progeny  from  those  of  the  parent,  it 
con)!)iri(>s  the  theories  of  the  pre-existence  of  germs  with  that  of 
epigenesis. 

[T.  II.  H.] 


WEEKLY  EVENING  MEETING, 

Friday,  February  15,  1861. 

Sir  Charles  Hamilton,  C.B.  in  the  Chair. 

IIenrt  F.  Cuouley,  Esq. 
On  English  Poetry  in  reference  to  Musw. 

The  speaker  maintained,  as  a  general  principle,  that  every  poet  must 

be  born  a  musician,  thougli  many  instances  to  the  contrary  bad  been 
cited  : — Sir  Walter  Scott,  among  others,  who  was  said  to  care  for 
uothing  save  ballads  for  the  sake  of  their  words.   This  might  arise 
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from  the  taste  not  huving  received  tiiLiel^  development ;  or  from  pliysiail 
uupedimeots — it  being  not  possible  that  Scott  should  have  written  his 
poedcal  romanoes,  his  lyricsy  and  prose  passages  in  bis  works,  witboat 
an  instinct  for  musical  form  and  cadence.  So,  too,  every  orator  wbo 
moves  his  audience  by  eloquence  as  distinguished  from  convincing  it 
by  argument,  must  have  musical  feeling :  else  would  his  periods  halt. — 
On  the  other  hand,  tbore  Imve  been  poets  skilled  in  music,  w]iom  the 
excess  of  their  knowledge  lias  led  into  license,  and  seeming  irrc  izularuy 
of  versification,  only  to  be  overcome  by  the  most  exquisite  adroitness 
on  the  part  of  the  reader.  Mr.  iiruwning  and  Leigh  Hunt  are 
instances. 

As  an  art.  Music  has  always  bad  oonditioiit  and  caprices  of  its  owd 
as  remarkable  as  its  connection  with  cMher  arts.  Melody,  as  we  under- 
stand it,  is  modem.  The  music  of  the  Hebrews  and  the  k  i  ks  is,  so 
far  as  we  know,  semi-barbarous.  Even  the  music  produced  in  Italy 
during  the  great  era  of  Italian  painting  bears  no  proportion  to  the 
perfection  of  the  other  art. 

Some  of  the  requisites  of  the  poetry  fitted  for  music,  as  nn  art,  were 
named,  lliere  must  be  beauty  of  thought  and  imager}'  without  super- 
subtlety.  Passion  must  be  not  too  much  interrupt^ ;  description  nut 
overlaid  by  superfluity  of  detail.  Language  must  be  dear,  sonoiooa^ 
avoiding  alike  bombast  and  familiarity — the  sentences  intelligible  as 
they  pass,  and  the  phrases,  however  varied,  bearing  a  proportion  one 
to  the  other.  Tliese  rules  apply  to  the  poetry  of  all  nations  ;  but 
the  !i;itionalities  of  Italy,  Germany,  and  FniTire.  liave  influenced  their 
ai)plic^iuon  characteristically. — In  Italy,  tlie  gn  at  classical  poets  are 
not  susceptible  of  musical  treatment.  The  mmur  ones,  and  those 
who  wrote  for  the  blage,  have  arranged  the  commonest  sentiments  in 
the  simplest  manner ;  regarding  the  vowels  more  than  the  ideas,  and 
the  display  of  the  voice  rather  than  the  expression  of  original  senti- 
ment. The  language  of  Italian  comic  opera  admits  and  enoonrages 
podtive  dissonance  of  sound  pronounced  rapidly. — In  Germany,  so 
soon  as  the  school  of  national  art  began  to  separate  itself  from  that 
of  Italy,  ri  desire  for  something  dep}ier  in  poetry,  and  something  more 
prrrisely  expressive  in  music,  began  to  exert  itself ;  sometimes,  how- 
ever, (>e(l;u)tically,  in  a  Ini  by-hit  expression  of  every  word  as  it  rose, 
which  is  lalse  in  taste,  and  tending  towards  cumbiousness. — In  France, 
all  the  fine  arts  are  singularly  self-connstent ;  largely  indebted  to 
foreigners,  who  have  been,  nevertheless,  obliged,  one  and  all,  to  con- 
form, in  order  to  hold  their  ground.  As  in  their  aichttecturey  paint* 
ing,  and  drama,  point  and  piquancy,  sometimes  at  the  expense  of 
beauty  and  simplicity,  are  indispensable;  the  compound  as  a  whole 

being  coni]>lf'tf>.  fmwpvf'r  artificial. 

In  England  the  jxk  is,  from  Chaucer  downwards,  are  a  richer, 
various,  and  more  iiuiuerous  choir  than  those  of  any  other  country. 
Not  so  its  musicians.  Tlie  national  melodies  of  Great  Britain  and 
Wales  are  full  of  beauty  and  interest;  but  these,  and  the  ballad  poetry 
reeiled  to  themi  are  not  so  much  works  of  art^  as  materials  for  art. 
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Instanoes  were  given  to  prove  to  how  many  difibrent  usee  the  lame 
tuse  might  be  tarned.  The  fint  UDion  of  poetry  with  r^alar  mude^ 
with  which  it  is  expedient  to  deal,  is  to  be  found  in  the  works  of  the 
ClizTvbethan  roadrigalists.  Here  the  music  is  better  than  the  poetry. 
The  latter  is  too  euphuistic;  but  with  tliis  character  of  conceit  and 
quniritness  thr  mnsie  also  inay  be  nliar^-;*^  d.  Allowinf^  for  i  tieeUi, 
inevitable  to  the  iutriciiU:  stvle  of  coiTi})o.silioi),  the  English  madrigals 
are  as  tunable  and  souorouii  as  tlie  Italian  madrigals  of  the  same 

period. 

Shaicspeaie^s  lyrics  are  models  of  woids  for  mnsiei  complete  in 

themselves ;  and,  when  musically  read  by  a  speaker  of  refinement 
(Mrs.  Fanny  Kemble  instanced),  entirely  contenting  the  ear ; — yet  lend- 
ing themselves,  witliout  the  slightest  loss  of  freedom  or  sense  of  incum- 
brance, to  a  clothing  as  exquisite  and  ingenious  as  that  given  by 
MendelsAuhii  to  tiie  "  ISIidsummer  Night's  Dream." — Milton's  poetry 
is  uo  less  admirable  in  this  respect ;  more  symmetrical  even,  perhaps, 
than  Shakspeare's,  owing  to  Milton's  musical  training— and  furnishing, 
as  in  ^Oomus/'  ^Samson  Agonistes,"  and  L' Allegro^' '  a  more 
oontinuons  text.  Thus  INIiltoirs  verse  was  sought  as  text  by  two 
of  the  greatest  foreign  musicians — ^Handel  and  Uaydo.  Ben  Jonson's 
lyrics,  though  excellent,  full  nf  rare  fantasj'  and  largely  sou«rVit  by 
English  musicians,  nrc  less  (Tigible  than  those  of  ^lilton  and  81iak- 
sj>eure,  from  their  being  more  far-fetched  in  meaning  and  imagery. 
Some  of  them,  however,  set  by  Ilorsley,  are  among  the  best  specimens 
of  English  music  that  we  possess. — Cowley  was  touched  on  as  having 

Siven  to  music  s<mie  verses  of  rare  sweetness. — Dryden,  at  a  time  of 
ecadence  and  tawdry  taste,  wrote  notably  for  music ;  some  of  his 
stage  lyrics,  as  set  by  Purcell,  are  full  of  animation  and  colour ;  and 
his  "  Alexander's  Feast,"  set  a  second  time  by  llandel,  is  the  finest 
ode  for  music  in  hnnour  of  St,  Cecilia  existing;  and  ilaiiders  setting 
of  it,  the  best  Canlala  ever  written.^ — Congreve,  Gay,  Carey,  all  wrote 
well  for  the  musician ;  though,  after  PurceU's  date,  while  the  art  of 
music  was  enriching  itself,  and  taking  new  forms  abroad,  its  nationality 
was  on  the  decline  at  home,  owing  to  the  overwhelming  splendour  of 
foreign  talents,  and  the  disrespect  mto  which  it  had  fallen  among  the 
wits  of  the  eighteenth  century.  Yet,  even  at  tlmt  time,  when  poetry 
was  more  didactic  and  satirical,  and  later,  w!ien  the  Johnsonian  in- 
fluences prevailcfl,  the  book  of  P^jglish  poetry  was  never  without  its 
good  inspirations  tor  the  refined  musician.  <^ ray  and  Mason  contri- 
buted—Cowper  even  tried  his  hand. — ^The  canzonets  set  by  Jackson, 
of  Exeter,  were  instanced  as  bearing  comparison  with  those  of  any 
other  country. 

Among  the  poets  flourishing  at  the  close  of  the  last  and  the  com- 
mencement of  the  present  century,  Bums  was  psssed  with  a  word; 

since  of  his  tunefulness  there  had  never  been  any  question  at  home 

or  abroad. — Onlpridge,  though  among  the  most  richly  musical  of 
jjoets.  is  not  therefore  a  good  jmr^t  for  the  musician's  use  ;  his  verse 
being  too  mellifluous,  too  thoruugiily  charged  with  sweetness  of  its  own, 
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to  bear  «  angle  additional  toach. — Southcy,  too,  is  ineligible  for 

music,  owing  to  that  cc'rt»iin  coldness  wliicli  has  stood  between  him 
and  a  wide  ntul  genial  ])opuIarity.  Yet  the  unrhymed  vcr^^e  of 
"  Thalaba/'  by  the  artful  variety  of  its  structure,  and  the  -onority  of 
its  words,  is  a  model  for  recitative. — Wordsworth  is  too  meditative, 
too  calm,  to  invite  any  union  with  an  art  that  renders  pondering  on  the 
part  of  the  hearer  impossible  without  clamase. — ^The  rank  of  Byron 
among  modem  poets  for  music  has  hardly  been  rated  high  enough. 
Not  merdy  his  songs,  but  the  choruses  in  his  lyrical  dramas,  and  the 
descri})tive  passages  in  his  poems,  are  everywhere  suggestive  and  lend 
themselves  readily  to  illustration. — Shelley's  poetry,  though  nmch 
sought  after,  is  less  excellent  for  the  use  in  question  ;  his  lyrics  are 
generally  too  mystical,  too  dreamy,  and  when  clearer  in  expression,  as 
the  *'Ode  to  the  Skylark,"  too  thickly  crowded  with  gorgeous  and 
changeful  imager^'  to  endure  any  addition  of  muste^  without  eooclusioD 
and  loss  of  power  resulting.  But  Shelley's  dreaminess  was  voluntary  i 
since  of  vigorous,  direct  language,  a  more  forcible  example  could  not 
be  cited  .than  his  tragedy  of  the  "  Cenci,"  from  its  first  to  its  last 
line. — Campbell  was  a  great  and  versatile  lyrist  for  music  :  witnt^s  his 
"  Mariners  of  England" — witness  his  Exile  of  Erin;*'  l)oth  become 
stiijidard  poems  unequalled,  in  tlioir  way,  by  lOnglish  or  Irish  poet8. 
Ills  longer  poems,  too,  have  yielded  much  good  text  for  the  musiciaui 
^-^eok  in  so  gloomy  and  aoleioin  a  lyric  as  **  The  Last  Man." — Joanna 
Baillte  is  prominent  among  poetesses,  not  merely  for  the  passion  and 
power  in  certain  of  her  tragic  scenes,  but  as  a  writer  for  music.  Her 
drama  of  The  Beacon  "  claims  express  and  respectful  study,  with 
ro'Turd  to  the  subject  under  tr«itment.— Moore  was  a  bom  musician,  nnd 
one  through  whose  every  work  tin  iutluences  of  the  art  were  felt.  AVith 
faults  of  taste,  tending  to  what  is  too  artificial  and  ornate,  his  artistic 
organisation  enabled  him  to  perform  feats  with  our  language  which 
passed  unnoticed',  such  as  a  liberal  use  of  the  letter  S,  and  the 
writing  of  yerse  full  of  meaning  and  poetiy,  with  a  syUable  to  a  note, 
—no  effect  of  h<    iness  being  thereby  produced. 

Living  writers  being  left  without  mention,  it  remained  to  be  pointed 
out  how  false  ideas  on  the  subject  of  English  poetry  as  ineligible  for 
music  had  been  perpetuated  and  spread. — The  English  musicians,  ns  a 
body,  have  been  too  imitative,  too  careless  in  selection,  too  regardless 
in  treating  their  word:) ; — the  English  singers,  aj»  a  body,  have  delivered 
the  latter  too  unintelligibly  and  melegantly,  owing  to  a  neglect  of  tha 
study  of  the  English  language*  The  discourse  of  Professor  D'Orsey,  given 
February  1st,  was  refenred  to,  in  corroboration  of  the  speaker's  views,  and 
foreign  singers  from  four  countries  were  instanced,  who,  owing  to  the 
necessity  impo<!pd  upon  them  of  attentively  studying  their  words  before 
they  sang  tiie  same,  pronounced  with  a  purity,  elegance,  and  clearness 
too  s*4dom  attaineil  by  our  native  professors.— 11  le  speaker,  in  conclu- 
sion, bespoke  indulgence  for  the  imperfection  iiardly  to  be  escaped 
from  when  treating  a  subject  io  full  of  specnlatioii  and  laot  within  the 
limits  of  a  single  discourse,  [H.  F.  C] 
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WEEKLY  EVENING  MEETING, 

Friday,  Fehniaiy  22,  1861. 

SiK  BoDfijucK  I.  MuBCHisox,  D.C.L.  F«ii.S.  Vice-Preudeoty 

in  the  Chair. 

pROF£ssoB  Fabaday,  D.C-L.  FJLS* 
OmPkUbium. 

Tiir.  flisrouree  was  founded  on  the  recent  Tfn  <»«t!ga(ions  of  ]M^r.  Henri 
Ste-Ciaire  Deville  and  II.  Debray  regarding  tlic  charac  tns  jnid  con- 
ditioos  of  the  platunferous  metals,  and  the  new  process  ot  working  the 
ore  which  they  have  ebtablibhed  ou  their  results.  Wherever  platuium 
oocurs,  it  is  unially,  if  not  alwayi  acaeompanied  by  five  other  remark- 
able metala ;  namely,  Batheniom,  OMniona,  Iridium,  Rhodium,  and 
Palladium :  and  in  addition,  by  other  subotanoes,  as  iron,  copper,  gold, 
alTer,  and  sand.  Being  washed,  the  heavy  particles  are  left  as  the 
general  ore  of  platinum  ;  Ibis  metal  constituting  by  £ur  the  lai^gest 
part  of  the  substanc&^i. 

The  six  metals,  when  obtained  apart  and  purified,  form  two  groujw 
of  three  each  ;  each  group  havincr  an  equi\  alent  number  very  ditiereot 
from  that  of  the  other  group,  lu*  appears  in  tins  Liible  : — 


Eqnivaient  number,  95*5. 

1.  Osmium  .  Spec.  grav.  21*40 
3.  iridiuin  ....  2i'io 
5.  Platinum  ...    „     21*  15 


Equivalent  number,  53. 

2.  Ti  lt licnium  .  Spec.  grav.  11*3 
4.  Kiiudium  ...,.„  12' 1 
6.  Palladium  .  .  .    „  11*8 


The  three  in  the  first  group  have  the  same  equivalent  number,  and 
nearly  the  same  specific  gravity ;  but  osmium  takes  the  phice  of 
platinum  as  tlie  heavie?»t  of  bodies.  The  equivalent  imniljer  of  the 
second  group  is  alike  for  ail,  but  it  i**  little  more  than  iiuii  liiatof  the 
former  group.  The  specific  gravity  also  of  the  group  is  little  more 
than  buf  ttwt  of  the  former  group :  from  which  it  results  that  an 
equivalent  of  any  of  these  will  have  very  nearly  the  same  volume  as  an 
equivalent  of  any  one  of  the  heavier  group. 

I'here  are  certain  analogies  between  1  and  2 ;  3  and  4  ;  5  and  6 ; 
plr^tiimm  is  more  like  i)anadium  than  like  the  other  metals.  These 
nurnbers  also  represent  the  order  of  fusibility.  Osmium  has  not  as 
vet  been  fused  ;  the  rest  liave,  in  the  order  given.  Platinum  appe^nrs 
among  them  as  a  comparatively  easily  fusible  u»etal.  1  hey  are  all 
volatile  at  very  high  temperatures,  even  osmium  disappe;iring  whilst 
the  mass  remains  solid. 
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Thf'  p!;itinum  has  usually  been  obtained  from  these  ores  (after  they 
have  been  well  waslied,  sifted,  and  mechauicaiiy  separated )  by  the  action 
of  iiiLru-iuuriatic  acid;  which,  bringing  the  platinum  into  dilation, 
supplies  a  fluid  whicii,  ou  the  addition  of  munale  uf  uuimuuia,  i^c, 
throws  down  a  precipitate  of  ammonio^Uoride  of  platmum*  This, 
washed,  dried,  and  heated,  gives  spongy  metallic  platinum;  which 
being  then  pressed,  lieated,  and  hammered,  yields  massive  platinam ; 
the  aggregation  of  the  particles  taking  place  entirely  by  adhesion  and 
welding.    Instead  of  forming  a  solution  by  acids,  Deville  proposes  to 
emph)v  a  hent  fln\io!i  process  ;  and  instead  of  welding,  to  fuse  tiie 
iiictul  togetiier  at  the  la.st  by  intense  heat,  ubtaintxi  by  the  use  of  the 
oxy-iiydrogen  or  the  oxy-coal-gas  blowpipe.  The  ore,  })roperly  prepared, 
is  mixed  with  its  weiglit  of  galeua,  or  native  sulphurel  of  lead,  aud 
half  its  wdght  of  metallic  lead ;  it  is  then  heated  and  well  stirred 
together,  the  iron  and  some  other  metals  are  talien  up  by  the  sulphur 
of  the  galena,  the  platinum  and  other  metals  are  taken  possession  of  by 
the  lead,  and  when  the  action  is  well  effected,  the  access  of  air  is 
adjusted  until  the  remaining  part  of  the  sulphurot  is  decomposed,  and 
only  plitiiiiferous  lead  left  at  the  bottom  part  of  the  cnieihle  or  furnace, 
witii  scoricG  upon  it.    The  former  is  separate*!,  ami  lUeri  lieated,  e\[K)sed 
to  air  until  much  of  the  lead  is  oxidi/rd  ;  wliicU,  escaping  as  litharge, 
leaves  at  laat  an  alloy  of  lead  and  platiuuiu,  containing  not  more  tlian 
10  or  even  5  per  cent,  of  lead.   Such  an  allo^  of  platmum  requires  a 
very  hig^  temperature  to  fuse  it,  and  this  is  therefore  attained  and 
applied  in  furnaces  constructed  of  chalk-lime,  heated  by  the  insertion 
of  gas  blowpipes.   The  heat  first  melts  the  alloy,  and  being  combined 
with  oxygen  in  a  little  excess,  the  remaining  lead  is  rapidly  oxidized 
and  dissipated  in  fumes,  and  tiien  l)eing  raised  and  continued,  ariv  gold, 
copper,  osmium,  or  other  metals,  except  iridium  and  rhodium,  are  abo 
convertt^  into  vapour  and  driven  off.    The  platinum  remaining  Is  at 
last  heated  to  a  still  higher  degree,  and  is  either  cast  into  tlut  cakes  or 
granulated  ;  and  this  has  been  done  with  quantities  weighing  even  as 
much  as  40  lbs. 

The  resulting  metal  ootihiins  some  iridium  and  some  rhodium, 
being  in  fact  an  alloy  of  platinum ;  but  it  is  an  alloy  which  being 
harder  than  platinum,  and  even  less  liable  than  it  to  the  chemical  action 
of  acids  and  other  chemical  agents,  is  as  useful  the  pure  substance 
in  the  ordinary  applications  of  the  metal.  As  iridmin  and  rhodium 
have  no  employment  at  present  better  than  tliai  of  alloying  platinum, 
their  quantity  has  been  purposely  increased  until  it  has  made  as  much 
as  25  per  cent  of  the  mass. 

A  mixed  process  has  been  deyised  by  MU«  Deville  and  Debray, 
which  gives  a  platinum  purer  than  any  heretofore  obtained.  It  is  then 
as  soft  and  ductile  as  sliver.  But  for  this  process,  for  general  directions 
and  minute  particulars,  and  for  most  interesting  matter  about  all  the 
metals  of  the  platinum  group,  the  reader  is  referred  to  Volumes  LVI. 
and  LXI.  of  the  Annates  de  la  Chimie, 

[M.  F.] 
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WEEKLY  EVENING  MEETIiSG, 

Friday,  Maroh  1,  1861. 

Sib  IIbnet  Uojuand,  Bart.  M.D.  F.RS.  in  the  Chair. 

Henhy  Em  ikld  Roscoe,  Esq. 
rmnmK>»     cammmx  in  own'*  couMBp  MAXOHum. 

On  Bwum  and  JBRrehh^'s  Spectrum  OUerpoHons, 

The  speaker  commenced  by  stating  that  the  researches  of  ikuiseii  and 
Kirchholf,  which  he  had  the  honour  of  briugui^  before  his  audience, 
marked  a  new  era  in  the  science  of  ADalytical  Chemistry ;  that  hy 
means  of  these  discoveries  the  composition  of  terrestrial  matter  heoomes 
revealed  to  us  with  a  degree  of  accuracy  and  delicacy  as  yet  onheaid  od^ 
so  that  chemical  elements  supposed  to  be  of  rare  and  singular  occurs 
rcnce,  are  shown  to  be  most  commonly  and  widely  distributed,  and  on 
the  first  practical  application  of  this  new  nietliod  of  analysis  two  new 
and  hitherto  undetected  aikalijie  metals  have  been  discovered. 

Tlie  importance  of  these  researclies  becomes  still  more  strikingly 
apparent,  when  we  hear  that  the  conclusions  derived  from  them  outstep 
the  bounds  of  our  planet,  enabling  us  to  determine  with  all  the  certainty 
of  definite  experiment  the  aetual  presence  of  a  number  of  elMnentary 
bodies  in  the  sun. 

Tlio  colours  which  certain  bodies  impart  to  flame,  hnve  loiiir  been 
used  by  chemists  as  a  test  for  tlie  scnce  of  such  bodit*s.  I'hus 
soda  brought  into  a  colourless  flanir  produces  a  bright  yellow  light, 
and  substances  containing  soda  in  any  form  give  this  yellow  colour. 
Potash  gives  a  violet  ilame,  lithia  and  strontia  impf^  to  flame  a  crimson 
colour,  whilst  salts  of  barium  tinge  it  green.  These  colours  are  pro- 
duced by  the  incandescence  or  luminosity  of  the  heated  vapour  of  the 
various  bodies  placed  in  the  flame.  It  is  only  because  ihv^r  sub- 
stances are  vnlatilo,  or  become  gases  at  the  temperature  of  the  tiame, 
that  we  ol .serve  tlie  peculiar  colour.  If  any  substance,  such  as  pla- 
tinum, whicii  is  not  volatile  at  the  temperature  of  the  flame,  be  placed 
in  it,  no  coloration  is  observed.  The  higlier  the  temperature  of  the 
flame  into  which  the  same  substance  is  placed,  the  greater  will  be  the 
luminosity ;  and  the  more  volatile  the  sut  of  the  same  metal,  the  more 
intense  is  the  light  produced. 


Digitized  by  Google 


394 


[March  1, 


Heated  to  the  j)oint  of  incandescence  in  anv  other  manner,  the 
.vapuurs  of  these  metals  aud  their  salu  give  out  the  same  coloured 
li|^t.  Thus,  if  we  bom  gim-ootton,  or  gun-paper,  steeped  in  flolu* 
tioDs  of  these  varioiis  salts ,  we  get  the  ehaiaeteristie  ooloars.  The 
well-known  coloaied  fires  owe  their  peculiar  effects  to  the  ignition  of 
the  vapour  of  some  particular  substance.  Thus,  in  red  fire  we  have 
strontium,  in  green  fire  we  have  barium  salts  present  in  the  state 
of  lurainons  vapour. 

These  facts  have  loiig  been  Icnown  and  applied ;  but  it  was  reserved 
for  Buuscu  aud  Kirchhotf  to  place  these  beautiful  phenomena  in  their 
true  position,  to  apply  to  them  the  modern  methods  (tf  exact  research ; 
and  tiras  to  open  out  a  new  and  rich  field  for  most  important  investiga* 
tions*  This  they  accomplished  in  a  most  simple  and  beautiful  manner^ 
by  examining  these  coloured  flames^  not  by  the  naked  eye,  but  by  means 
of  a  prism  or  an  apparatus  for  separating,  decom]>o8ing,  or  splitting  up 
the  ]ip;!it  produced  by  the  inoaudescent  vapour  iutoiU  difi'ereat  coo* 
stituent  parts. 

If  we  pass  wiiitc  sun-light  through  a  prism,  we  get  the  well-known 
solar  spectrum  discovered  by  Newton.  The  red,  or  least  refrangible 
rays  appear  at  one  end,  and  we  pass  through  all  gradations  of  colour — 
noticing  on  our  way  certain  dark  lines  or  spaces,  showing  the  absence  in 
solar  light  of  some  particular  rays,  lines  with  which  we  shall  have 
much  to  do — until  we  arrive  at  the  violet,  or  most  refrangible  end  of 
tlie  spectrum.  If  instead  of  using  wliite  siiu-li^'fit,  %Yn  pass  the  rays 
from  the  yellow  soda  flame  through  the  prism,  we  get  the  soda  spec- 
trum ;  and  we  find  that  instead  of  a  continuoui^  spectrum,  all  \vc  see  is 
one  bright  yellow  line,  showing  that  every  kind  of  light  except  that 
bright  yellow  ray,  is  absent  in  the  soda  flame ;  or  that  the  soda  flame 
gives  out  only  one  hind  of  li^ht. 

And  as  each  metal,  sodium,  potassium,  lithium,  caldum,  stron- 
tium, barium,  ttc.,  communicates  a  distinct  tint  to  Hame,  so  each  gives 
a  distinct  and  characteristic  sjm  rtrnm.  consisting  of  certain  bright 
coloured  lines,  or  bands  of  light  oi  tiie  iwu^t  peculiar  form  and  tint. 

The  actual  spectra  of  these  metals  can  be  beautifully  seen  iu  the 
simple  apparatus  designed  by  liunsen  and  Kirchhoff. 

In  eadi  spectrum  of  these  metals,  the  form,  number,  position,  colour, 
and  tone  of  the  bright  lines  remain  perfectly  constant  and  unvarj-ing, 
so  that  from  the  presence  or  absence  of  one  of  these  lines^  we  may 
with  absolute  certainty  draw  conclusions  respecting  the  presence  or 
absence  of  the  particular  metal,  as  we  know  of  no  two  substances 
which  produce  the  same  bright  lines.  Is  one  of  the  briglit  lines  pro- 
duced by  anyone  metal  interfere  in  the  least  with  those  of  any  other, 
and  in  a  mixture  of  all  these  metallic  salts  together,  each  ingreiiieut 
can  thus  be  easily  detected. 

As  an  example  of  the  exactitode  with  which  a  very  small  quantity 
of  a  most  complicated  mixture  can  thus  be  analysed,  the  speaker 
quoted  Bunsen's  words.  "  I  took,"  says  Bunsen,  "  a  mixture  of 
chloride  of  sodium,  chloride  of  potassium,  chloride  of  Utiiium, 


Digitized  by  Google 


1861.]   on  Bwum  and  Kirchhojff'*s  Spectrum  Observaium$,  325 


ciiioride  of  calchim,  chloride  of  gtroniiura,  chloride  of  barium, 
CK^ntaining  at  most  j^^^  part  of  a  grain  of  each  substance. 
This  mix  tare  I  put  into  the  flame,  and  observed  the  result.  First, 
tihe  intenae  yellow  lodium  line  appeared,  on  a  background  of  a  pale  con* 
tiouoos  spectrum ;  as  this  began  to  be  less  distinct,  the  pale  potassium 
lines  were  seen,  and  then  the  red  lithium  line  came  out,  whilst  the 
barium  lines  appeared  in  all  their  vividness.  The  sodium,  lithinm, 
potassium,  and  barium  salts  were  now  almost  all  volatalizcd,  and  alicr 
a  lew  moments  the  strontium  and  calcium  lines  came  out,  as  i'lum 
a  dissolving  view^  gradually  attaining  their  characteristic  brightness 
and  form." 

We  can  thus  detect  the  most  minute  traoea  of  any  one  of  these 
bodies,  if  mixed  wilh  the  largest  quantities  of  any  other  substance. 
The  delicacy  and  accuracy  of  these  reactions  is  withont  parallel,  as  is 
seen  from  the  following  statements 

1.  8oia  s;skssb  p&rt  of  a  milligramme,  or  msidkooo  P^rt  of  a  srain  of 
aoda  can  be  detected.  Soda  is  always  present  in  the  air.  All  bodies 
exposed  to  air  show  the  yellow  sodium  line.  If  a  book  be  dusted  near 
the  flame  the  soda  light  can  be  seen. 

2.  hiihia  ^J^^^^  part  of  a  milligramme,  or  part  of  a  grain  of 
lithia  onn  easily  be  detected.  Lithium  was  only  known  to  ornir  in 
four  minerals.  It  is  iiow  found  by  spectrum  analysis  to  be  one  of  the 
most  widely  distributed  elements.  It  exists  in  almost  all  rocks ;  it  has 

.  been  found  in  3  cubic  inches  of  sea,  river,  and  Thames  water ;  in  the 
ashes  of  tobacco,  and  most  plants ;  in  milk,  human  blood,  and  mus- 
cular tissue. 

3. 8irmiiia  of  a  milligiamme,  or  yjsejsk  pArt*  of  a  grain  of 
■tiontia  can  easily  be  detected. 

4.  lAms  (tf  a  milligramme,  or  j^a^  of  a  grain  may  be  earily 
detected. 

In  examining  the  spectra  of  the  alkalies  obtained  from  certain 
mineral  waters,  Bunsen  observed  the  occurrence  of  two  bright  blue 
lines  which  he  had  not  seen  before,  when  he  examined  alkalies  from 
other  sources.  Hence  he  condnded  that  tlieae  bright  lines  must  be 
produced  by  a  new,  Mthello  undetected,  alkaline  metaL  Subsequent 
eearch  proved  the  validity  of  the  supposition.  The  new  metal  was 
found  and  isolated.  The  analogy  between  this  discoveir  and  a  cele- 
brated one  in  another  branch  of  |)bysir?il  .^ience,  will  be  at  once 
iinderstond.  As  Adams  and  Leverrier  discovered  Neptune,  so 
liunsen  discovered  "  Cofsium  "  by  the  perturbations  produced  in  the 
spectra  of  the  other  alkaline  metals. 

This  is,  however,  not  all.  A  few  days  ago  the  speaker  received  a 
letter  trcm  Bunsen,  which  contains  thefollowfiig  most  interesting  infor- 
mation *^  The  substance  which  I  sent  you  as  Impure  tartrate  of 
GsBsium  contains  a  $eeond  new  alkaline  metal.  I  am  at  present  enjpged 
in  preparing  its  compounds.  I  hope  soon  to  be  able  to  give  you  more 
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doteiM  iDfimnatiioii  eonoeniiig  it  Tlie  «pectraiii  of  the  new  n^tal 
eonsiflts  of  two  tpleadid  red  liocs  situated  beyond  the  led  line  E  a  in 
the  ultra  red  portion  of  the  solar  spectnmi.   Hence  I  propoee  to  cell 

the  new  metal  *RMdium.^ " 

Thfit  this  same  method  of  investigation  can  be  exten<led  to  all  the 
metallic  elements  is  more  than  probable,  for  Kirchhotf  writes — **  I  have 
assured  myself  that  even  the  metals  of  the  mrest  eartlis,  as  yttrium, 
erbium,  and  terbium,  can  be  most  quickly  and  c^irtainiy  determined 
by  help  of  the  spectrum  analytical  metliod." 

Experiments  are  being  carried  on  with  the  view  of  making  this 
mode  of  examination  practically  applicable  to  all  metals. 

To  turn,  now,  to  the  second,  and,  if  possible,  to  the  more  inter* 
esting  part  of  the  subject,  namely,  the  conclusions  drawn  from  these 
obser^'ations  respecting  the  composition  of  the  sun's  atmospherp.  The 
s<jlar  speciruin  invariably  contains  a  large  number  of  dark  lines,  or 
.spaces,  or  shadows.  Tliese  have  been  called  Frannhofer's  Lim  s,  from 
the  name  of  their  discoverer.  They  show  us  that  in  the  sun's  light 
certain  kind  of  rays  are  wanting ;  and  as  these  lines  are  always  present, 
eiactly  in  the  same  position,  we  see  that  certain  kinds  of  rays  are 
always  absent  in  solar  light.  There  are  many  thousands  of  these  lines 
in  the  whole  length  of  the  speetram.  Only  a  few  have  been,  as  yet, 
mapped  and  named. 

Whnt  is  the  cause  of  these  constant  dark  lines?  And  we  must 
remember  that  it  is  in  sunlight  alone  thnt  tlH-c  particular  lines  occur; 
in  the  light  of  the  fixed  stars,  as  wdl  as  in  artificial  li«rhts,  other  lin^ 
are  found.  It  is  the  discovery  of  tliis  cause  by  iurchhoti  wliicli  gives 
the  satiject  sndi  pecnliar  intra^,  as  it  enables  ns  to  draw  conclusions 
respecting  the  composition  of  the  sun's  atmosphere.  The  points  of 
the  case  are  put  as  cooeisely  as  posnble  nnder  the  following  heads : — 

1.  The  solar  spectrum  mvariably  contains  certain  fixed  ifaril  lines, 
called  Fraunhofer^s  Lines. 

2.  The  spectra  produced  hv  the  iMminous  vapour  of  all  metals 
contain  certain  fixed  bright  iioes,  iuvariabie,  and  distinct  iav  each 
metal. 

3.  Ail  and  each  of  the  bright  lines  ilius  produced  by  certain 
metals— viz.  sodium,  potassium,  raagnehium,  and  iron — are  found  to 
coincide  exactly  with  certain  of  the  £rk  lines  of  the  solar  spectmm. 

4.  Hence  there  most  be  some  coimection  between  the  nrigfat  lines 
of  the  metal,  and  the  dark  solar  lines. 

5.  The  connection  is  as  follows : — Each  of  the  dark  fixed  lines  in 
the  solar  spectrum  is  cattsed  by  the  presence  in  the  sun's  atmospliere 
of  the  luminous  vapour  of  that  metal  which  gives  the  coino^dent  bright 
line. 

By  taking  a  special  case  we  may  more  easily  understand  the  matter. 
Let  us  examine  the  qu^tion  why  it  is  to  be  concluded  that  Sodium 
ooears  in  the  eon's  atmosphere?    In  the  foUowing  lenlpnoes  the  . 
reasoning  on  this  sobjeet  is  rendeied  dear 
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1.  The  light  emitted  by  luminous  sodium  vapour  is  homogeneous. 
The  sodium  spectrum  oonsbts  of  one  double  bright  yellow  lioe* 

2«  Thur  bright  doable  sodium  line  b  exactly  coincideut  with 
FrauDhofer*s  dark  double  line  D. 

3.  The  spectrum  of  a  Drummond^s  Light  (like  that  of  all  incan- 
descent  solids)  is  continuous.    It  contains  no  dark  lines  or  spaces. 

4.  If  between  the  prism  and  the  Dnimmond's  Light  a  soda  Hanic 
be  placed,  a  dark  double  line  identical  with  Frauiihofer  s  dark  double 
line  D  is  produced. 

6.  If  instead  of  using  Dnimmond's  Light  we  pass  sunlight  througti 
the  soda  flame,  we  see  tliat  the  line  D  becomes  moeh  more  distinct 
than  when  sunlight  alone  is  employed. 

6.  The  sodium  flame  lias,  therefore,  the  power  of  absorbing  the 
same  kind  of  rays  as  it  emits.    It  is  opaque  for  the  yellow  *'  I)  "  rays. 

7.  Hence  we  conclude  that  luniincnis  s<t<1iinn  vapour  in  tlie  sun's 
atmosphere  causes  Fraunhofer's  dark  double  line  D.  The  light  given 
off  from  the  sun's  solid  body  producing  a  continuous  spectrum. 

8.  Li  a  similar  manner  the  presence  in  the  solar  atmosphere  of 
potassium,  iron,  magnesium,  nickel,  and  chromium  has  been  proved. 

Kirchhoff's  own  words  may  perhaps  render  this  matter  still  more 
plain.  "  The  sun,**  says  Kirchhoff,  "  consists  of  a  glowing  gaseous 
atmosphere,  surroundint-'  a  solid  nucleus  which  possesses  a  still  higher 
temperature.  If  we  could  see  the  spectrum  of  the  solar  atmosphere 
without  tliat  of  tiie  solid  nucleus,  we  sliould  notice  in  it  the  briglit  lines 
which  are  ciiaructeristic  of  the  metals  it  contains.  The  more  intense 
luminosify  of  the  internal  nudeos  does  not,  however,  permit  tiie 
spectrum  of  the  solar  atmosphere  to  become  apparent ;  it  is  reversed 
according  to  my  newly  discovered  proposition  ;  so  that,  instead  of  the 
bright  lines  which  the  luminous  atmosphere  by  itself  would  have 
shown,  dark  ones  appear.  We  do  not  sec  tlie  spectrum  of  the  solar 
atmosphere  itself,  but  a  negative  image  of  it.  This  case,  however, 
witli  an  e(pial  degree  of  eert4iiuty  serves  to  detect  tlie  metals  present  in 
the  sun*s  atmosphere.  All  that  we  require  lor  this  puipose  is  a  very 
accurate  lunowledge  of  the  solar  spectrum,  and  of  the  spectra  of  the 
individual  metals." 

Kirchhoff  is  at  present  engaged  in  continuing  these  observations  \ 
and  although  only  eighteen  months  have  elapsai  since  the  first  dis- 
covery was  made,  he  has  already  mapped  more  than  seventy  lines  in 
the  solar  spectrum,  between  D  and  E,  which  are  produced  by  iron. 
He  has  shown  that  tlic  ^vell-kn()wn  group  in  the  green,  known  as  h,  is 
caused  by  magnesuini,  ^liilst  other  coincident  lines  prove  the  presence 
of  nickel,  chromium,  [totassiuin,  and  so<lium  in  the  solar  atmosphere. 

The  speaker  regretted  that  he  was  unable  to  diow  even  a  drawing 
of  these  coincident  lines,  as  no  representation  of  them  has  yet  been 
completed. 

The  lines  produced  by  many  metals  possessing  very  distinctly 
marked  spectra  are  seen  to  coincide  with  none  of  the  dark  solar  lines ; 
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and  hence  the  conclusion  is  drawn,  that  tliese  metals — for  instance, 
silver,  copper,  zinc,  aluminium,  cobalt,  lead,  and  aDtimony — do  not 
occur  at  all,  or  at  any  rate  occur  only  in  very  small  quantitiea  in  the 

BUll^s  atmosphere. 

The  speaker  said  that  he  should  not  soon  forget  the  impression 
produced  on  his  mind  when  visiting  his  friends  in  ITeidelb(»rij  V\<i 
autumn,  hy  seeing  the  splendid  spectacle  of  the  coincidence  ot  the 
brifj^hi  lines  of  the  iron  spectnun  with  the  dark  solar  lines.  In  the 
lower  iialf  of  the  field  of  the  telescope  were  at  least  ,sp\  oiity  brilliant 
iron  lines  of  various  colours,  and  of  all  degrees  of  inieiisity  and  of 
breadth  ;  whilst  in  the  upper  half  of  the  field,  the  solar  spectrain,  cot 
up,  as  it  were,  by  hundreds  of  dark  lines,  exhibited  its  steady  light. 
Situated  exacUy  above  each  of  the  seventy  bright  iron  lines  was  a  dark 
solar  line.  These  lines  did  not  only  coincide  with  a  degree  of  sharp- 
ness and  precision  perfectly  marvellous,  but  the  intensity  and  breadth 
of  each  briprlit  line  was  so  accurately  preserved  in  its  <\  \vk  represen- 
tative, that  the  truth  of  the  ass;ertion  that  iron  was  contained  iu  the 
sun,  flashed  upon  the  mind  at  once. 

The  speaker  concluded  by  remarking  that  tliese  researches  are  still 
in  their  earliest  infancy  ;  that  tlic  dawn  of  a  new  stellar  and  terrestrial 
chemistry  has  been  announced,  thus  opening  oat  for  investigation  a 
bright  prospect  of  vast  fields  of  unexplored  truth. 

[H.  E.  B.] 


GENERAL  MONTHLY  MEETING, 


Monday,  March  4,  1861. 

Wllliam  Poijs,  Esq.  M.A.  F.R.S.  Treasurer  and  Yice-Presideoty 

in  the  Chair. 


H.R.H.  The  Count  of  Paris. 
H.R.H.  The  Duke  oTChartres. 

Win.  C.  Baker,  Esq. 

Henry  W-ll-t^fon  Blako,  Esq.  F.&.S. 

Charles  Buxton,  Eisq.  M.P. 

Charles  Sedgfield  Crowley,  Esq. 

John  Clerk,  Esq. 

Henry  Gaeneau  i>e  Mussy,  M.D. 

Joseph  S.  Elarle.  E«q. 

Sir  Philip  De  Malpas  Gnj  Egerton, 

Bart.  M.P.  F.RA 
John  Flemiugv  £sq. 


The  Rev.  Charles  L.  Forster,  Bi,A. 

Richard  Clewio  Griffith,  Esq 

Sir  John  Edward  Harington,  Bart. 

Alexander  Mackiut<«h,  Esq. 

William  Nichols,  Esq.  B.A. 

Henry  AUred  Fltman,  U.D. 

Mrs.  Fanny  Pitmam 

W.  H.  Stone,  Esq. 

Wm.  E.  M.  Toinliuson,  E^q. 

Thomas  Harriogtoo  Toko,  MJX 

John  Wariog,  fiiq. 


were  eleeUd  Members  of  the  Rojal  Institutioii. 
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With  reference  to  certain  Resolatioos  passed  at  the  previous  meet- 
ing, the  following  Letter  from  the  Rev,  John  Barlow,  the  lat« 
Secretary,  was  read : — 

6,  Bbkilet  Street, 

DsAB  Dr.  Bence  Jones,  Feb.  4th,  i  SG  l . 

In  Mrs.  Bftflow's  name,  as  well  as  my  own,  i  reoaest  that  yon  will  express 
to  the  Memben  of  the  Boyal  Institation  cor  gratefU  acknowledgment  of  the  Khid 

act  to  her,  and  the  not  less  kind  words  to  myself,  by  which  they  have  uiianimonsly 
recorded  t)ieir  estimation  of  my  post  services.  The  Members  have  referred  to 
those  serv  ices  as  effectual.  Let  me  assure  them,  in  all  ancerit^,  that  very  much 
of  this  efiideaqr  is  owiim;  to  themselvct.  But  for  the  ever  wilUng  co-operation  of 
the  Professors,  the  urtvnryin.;  support  of  the  >ranagers  and  Visitors,  and  the 
uniform  confidence  reposed  m  me  by  the  Members,  the  best  endeavours  I  could 
ezort  in  their  senrioe  most  have  heen  fhiideei.  I  tfaankftill^T  accept  the  eotdial 
wishes  of  the  Members  for  my  health  and  happiness.  It  is,  indeed,  a  subj  ct  of 
happy  retlectiou,  that  I  ara  cons«M»in-i  of  not  having  altogether  lalwured  in  vain  to 
carry  out  the  priucipliis  ou  which  the  Koval  Institution  ha*  acted  for  more  than 
nxty  years.  These  principles  are  not  likely  to  be  abandoned.  Possessed  of 
increasing  mer^ns  and  intlurnce,  this  Institution  will,  ntider  the  (niidnnce  of  my 
successor,  be  more  conspicuous  than  ever,  for  that  promotion  of  science,  and  that 
00-operatioii  end  sympathy  with  those  who  devote  themselTOi  to  the  potaoit  of 
science,  which  have  already  obtained  for  oar  ioeiely  a  diatiagoished  pre-emiaence 
OTor  all  siBular  associations  in  the  world. 

Believe  me,  dear  Dr.  Bence  Jones, 
Very  trnlj  yoiui, 

Db.  Bence  Jones,  JOHN  BAItLOW. 

The  following  Arrangements  for  the  Lectures  afler  Eaitar  1861) 
were  annouDoed : — 

Three  concluding  Lectures  on  Fishes — by  Richakd  Owen,  Esq. 
D.C.L.  F.B.S.  Fttllerian  Professor  of  Natoml  Physiology,  RX 

Three  concluding  Lectures  on  Electhicity — by  John  TxuDALLf 
Esq.  F.R.$.  Professor  of  Natural  Philosophy,  R.I. 

Six  Leotures  on  Modbsii  Muno — by  Jobh  Huixah,  Esq. 

Six  Lectures  on  the  Devonian  Age  of  the  AVorld — by  Wiujam 
PteonxT,  Esq.  F.G.S. 

Nine  Lectures  on  the  Srrn\CE  OF  LAMOUAGfi — by  Max  Muller, 
Esq.  Tayiorian  Professor,  Oxford. 

Two  Lectures  on  Musical  Acoustics  and  on  the  Physiological 
and  PsYcHOLoairAL  Causes  of  Musical  Hakkoht  and  DisooBD^  Ivy 
pjtoi-£sso«  H£LBiHOLiZy  of  Ueidelbeig. 

Tiie  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same :  viz. 
Fbok 

Board  of  AdmiraUtf— {through  J.  Russell  Bmi,  Tht  Naalittl  ▲laaBaek, 

fiw  1861,  1862, 1863,  ami  1864.  8vo. 
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Ammai,  M.  ill|»A.>-'RecherdMf  nr  llirtroAiietkD  Aflddinlelle  de  TAir  diai  \m 

Veines.    8vo,  1839. 
AriSt  Society  o/— Journal,  Feb.  1861.  8vo. 

Bujeld,  Beriah,  Eaq.  M.P.  F.R,8,MJt.L  (the Edjitar)— Ftsflitkiiet  et  ^iftote 

Editiouibus  Auctorum  Veterurn  pr?Dpo?itT.    4tOw  1861. 
Chemical  Socteijif — Joamal,  Mo.  52.    6to.  18G1. 

Editon — AmericaD  Jouraal  of  Sciexx^e,  by  B.  Silliman,  &c.  for  Feb.  1861.  8to. 
Artisan  for  Feb.  1861.  4to. 
Athensptim  for  Feb.  1861.  4ta 
Chemical  Gazette  for  Feb.  1861.  4to. 
Engiiwer  for  F«b.  1861.  Ibt. 
Horological  Journal,  No.  30.    8vo.  1861. 
Journal  of  Gas-Ligliting  for  Feb.  1861.  4tOb 
Mecbauics'  Magazine  for  Feb.  1861.  8vo. 
Medical  Circular  for  Feb.  1861.  8vo. 
Pmctical  Mechanic's  Journal  for  Feb.  1861.  4fo. 
Faraday,  Prafmor^  D.CL.  Mdmoires de  I'lostitat  de  France i  Acadcmie 

dctSdenoes  Mc^es.  &e.  TomeX.  4tD.  I860, 
Imperial  Academy  of  Sciences,  Vienna :  lCatih.-Nat.  Hilt.  CIlHe :  Stsn^ll- 
berirhto.    1860.    Nos.  6,  13-21.  8vo. 
Pranhlm  J nsdtuie  q/' renngt/lvania — Journal,  Vol.  XLI.  No*.  1,  2.    8vo.  1861, 
Geological  5octe<y— ProceMingB,  Feb.  1861.  8vD. 

Quarterly  Journal,  No.  f) 5.    8vo.  I*'*"!. 
Uorlicukural  Socieijf^  ZWon— Prooeediiigs,  No.  21.   8vo.  1861. 
Inatitvt  ImpMal d$  Mtmce— M^moifesde  TAeadAiiie deeSeiences.  TomeXXVIIL 
4to.  1860. 

iMidiester,  Dr.  J5,  F.B.S,  MJt,I.  (cAe  ^■(Aor)— I^eetnree  on  Food.  Part  I.  16io. 
1861. 

ZMoe^  Mm,  Esq.  PJt.8.  MJt.h  {th»  ^etAprV-On  8|ihm]arie  BomU  tad  en 

the  Dnphnidx.    8vo.  18fil. 
Madbmin^  Georgey  E»q,  M.H.l.  {the  .dii/Aof)— Bemarka,  Logical  and  Phytiologi- 

cal,  ou  Vivisection.    8vo.  i860. 
MaekU,  S.  J.  F.G.S.  (the  EJitory-The  Geologist,  Feb.  1861. 
Manmnn,  Frfdrrirk,  E%q,  MM.L—A  SeriM  of  Viewt  iUaetntiTe  of  ibe  Boieobel 

Tracts.    4to.  1861. 
RtiMeUt  J,  Seettt  Etq.  PJl.8.  (tke  ilttfAer)— The  Fleet  of  tiie  F^tares  Iran  or 

Wood?   8vo.  1861. 
Newton  Messrs.— Ijondon  Journal  (New  Series)  for  Feb.  1861.  8to. 
Photoaraphic  Society — Journal,  No.  106.    8to.  1861. 
RogM  Agricultural  Society  of  Ertyland—JoxmBlf  No.  46.    8vo.  1861. 
Vemm,      P.  Etq,  MmJI  (the  ,^Jl0r>— Memorial  of  Admiial  Venion.  16to. 

1861. 
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WEEKLY  EVENWG  MEETll^G, 

Friday,  March  8,  1861. 

The  Rev.  John  Baslow,  M.A.  F.BJS.  Vioe-FrerideDty 

in  the  Chair. 

Edwabd  FRAiiKiA]n>y  F.B.S. 
On  9ome  Phenomena  uUendmg  Cambuttum  in  Bar^ied  Air, 

The  iDyestigation  forming  the  subject  of  this  discourse  had  its  origin 
in  some  experiments  which  the  speaker  ninde  upon  the  summit  of 
Mont  Bhmc,  in  the  autumn  of  1859,  for  {he  purpose  of  ascertiiining 
the  eWect  of  atuiospheric  pressure  upon  the  amount  of  eoiubustible 
matter  cousuraed  by  a  common  candle.  lie  found,  as  the  average 
of  five  ezperiments,  that  a  stearin  candle  diminished  in  ve(^t 
9*4  grammes,  when  burnt  for  an  hour  at  Chamonlx;  wliilst  it  con- 
sumed 9*2  grammes,  when  ignited  for  the  same  length  of  time  on  the 
summit  of  Mont  Blanc.  This  close  approximation  in  the  quantity  of 
combustible  niattrr  con-snmpd  under  such  widely  different  atmospheric 
pressiirc;.  p^ops  far  to  ])rov('  that  the  rate  of  combustion  is  entirely 
inde]>euii»..'iit  of  the  deiisiJy  of  the  attiiosphere.  This  result  was  subse- 
quently coiihrmed  by  a  repetition  oi  the  experiments  in  uir,  arliiiciaily 
rarefied,  antU  it  supported  a  column  of  only  9  inches  of  mereniy. 

In  boRiing  the  candles  upon  the  top  of  the  mountain,  it  was 
noticed,  in  the  subdued  light  of  the  tent  in  which  the  operation 
was  performed,  that  their  luminosity  was  much  less  than  usud.  ^e 
lower  and  blue  portion  of  the  flame,  which,  under  ordinary  cir- 
cuin>t;in(  es,  scarcely  rises  to  witJiiii  a  (|u;irter  of  an  inch  of  the  apex 
of  the  wick,  now  exteiMied  to  the  height  of  one-eighth  of  an  inch  above 
the  cotton,  thus  greatly  reducing  the  size  of  the  luminous  portion  of 
the  flame ;  and,  on  subsequently  repeating  the  experiments  in  arti- 
fidally  rarefied  atmosplieares,  and  measunng  the  amount  of  light 
emitted  in  eadi  case,  it  was  found  that  as  the  rare&ction  pfooeeded, 
the  blue  or  non-luminous  portion  of  the  flame  gradually  extended 
upward5>  uTitil  it  finally  expelled,  as  it  were,  the  yellow  or  luminous 
part  even  irom  the  apex  of  the  flame.   Dtffing  the  progress  of  the 
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rare&etion,  die  flame  became  somewliat  enlarged,  aammed  an  eUip- 
aoidal  shape,  and  ultimately  became  almost  globular,  whilst  a  Uuge 

external  sliell  of  bluisli  pink  flame  gradually  came  into  view  as  the 
last  portion  of  yellow  lip^ht  was  disappearing  from  the  apex  of  the 
flame,  which  had  alone  been  previously  visible.  It  is  scarcely  necessary 
to  add,  that  during  these  changes  in  the  flame,  the  liglit  undcrweut  a 
rapid  diminution  ;  the  rate  of  its  decrease,  however,  was  subject  to  con- 
siderable ixfegularitiea  from  the  heating  of  the  appamtua  sarrounding 
the  caDdle,  aM  the  coiueqaeiit  guttering  and  unequal  combustioii  of 
the  latter.  For  the  accurate  meaBaremeut  of  the  diminution  of  Ught, 
therefore,  recourse  was  had  to  coal  gas,  which,  although  also  liable  to 
certain  di-^tnrbing  influences,  yet  yielded  rr^iilt^,  during  an  extensive 
series  oi  experiments,  exhibiting  suthcieut  unii'ormity  to  render  them 
worthy  of  confidence. 

By  passing  the  gas  through  a  governor,"  uniformity  of  pressure 
in  the  deliyeiy  tubes  could  be  icrared;  and  by  other  appropriate 
ammgementi  a  nnifimn  amouot  of  gaa,  viz.  0*65  cable  feet  per  hour, 
was  made  to  bum  in  each  experiment  within  the  atmosphere  of  varying 
density.  This  experimental  flame  was  placed  at  one  extremity  of  a 
Biinsen's  photoineter;  whilst,  as  a  standard  for  comparison,  a  similar 
jet  of  gas,  surrounded  hy  a  p^lass  shade,  and  burning  freely  in  the  air 
with  a  uniform  consumption,  vvsis  lixetl  at  the  opposite  end  of  the  plwtto- 
meter.  In  the  case  of  the  experimental  flame,  the  products  of  com- 
bustion were  completely  removedi  and  a  steady  supply  of  firesh  air 
oonstantly  suppliecL 

The  following  table  contains  a  summary  of  the  results  of  these 
delerminations,  the  illuminating  power  given  under  each  pressure  being 
the  average  of  twenty  closely  accordant  observations.  In  er^ch  series 
the  maximum  illuminating  effect — timt  is,  the  \\^}\\  fiiven  by  the 
experimental  flame  when  burning  under  the  full  atmospheric  pressure 
— is  takeu  at  100. 


wnun  sJBiuBHi 


Pressare  of 

Air  in  inches 
of  Mercury. 

Illnminating  Power  of 
ExperimsBiid  FJame. 

29-9 

100 

100 

75-0 

74-5 

490 

14-6 

20-2 

220 

9^ 

5*4 

-  3-5 

6*6 

•9 

•18*8 
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SECOND  iBR»» 


Pressure  of 
AIT  III  iiicirai 
of  BAwwuy • 

Illuminating  Power  of 
Expeiimental  Flame. 

ObKired. 

Cttlodjitad. 

1110 

100 

91-4 

89-8 

80-6 

79-6 

24-2 

73-0 

69-4 

22-2 

61-4 

0^2 

20-2 

47-8 

49-0 

18*2 

87-4 

88-8 

16-2 

29*4 

28*6 

14-2 

19'8 

18-4 

12-2 

12-5 

8-2 

10*2 

8-6 

—2-0 

An  inspectioii  of  theie  resnlto  indicates  that  mn  the  natural  oscil- 
latioDa  of  atmospheric  pressure  cause  a  considerable  variation  in  the 
amount  of  light  emitted  by  gas  flames.  In  order  to  determine  these 
variations,  the  following  special  scries  of  experiments  was  mado,  the 
pra^miea  beiug  very  accurately  ascertained  by  means  of  a  water-gauge. 


«BD  anns. 


Pressure  of 
Air  in  incbes 
of  Moicniy. 

Illuminating  Power  of 
B^penmental  Flame. 

30-2 
29-2 
282 
27-2 

100 

950 
89-7 
844 

100 
94-9 
89-8 
84-7 

It  is  thus  evident  that  the  combustion  of  an  amount  of  p^ns  winch 
would  give  ;l  li^Hit  equal  to  ItXJ  candles,  when  the  barometer  stands  at 
31  inches,  would  afford  a  light  equal  to  only  84'4  caudles  if  the  baro- 
meter fell  to  28  iuclies. 

The  results  of  these  three  series  of  observations  taken  together, 
show,  tbat  beginning  at  atmospheric  prearore^  and  with  100  units  of 
light,  a  decrease  of  almost  exactly  5*1  units  of  light  is  the  result  of 
each  diminution  of  mercurial  pressure  to  the  extent  of  one  inch,  until 
the  barometer  stands  at  14  inches,  below  which  the  diminution  of 
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light  takes  place  in  a  less  rapid  ratio.  One  of  the  columns  headed 
Caleulated,*'  io  the  aboTe  tables,  rahibitt  the  iUmniiiating  power 
calculated  from  the  constant  just  given,  and  it  vill  be  aeen,  that  these 
calculated  niimben  nearly  coincide  in  most  cases  with  the  observed 
amount  of  light. 

Tn  explaining  tho  cause  of  t^e  nbovp  phenomena,  the  speaker 
referred  to  tlie  conditions  iiiwn  >vlii(  h  the  light  of  ordinary  Hnmes 
depends,  lie  showed,  that  iu  these  tlames  there  are  two  sources*  of 
light,  viz.  incandescent  gaseous  matter,  and  incandescent  solid  luatter  ; 
but  Uiat,  practically,  99  per  cent,  of  the  light  of  such  flames  owed  its 
origin  to  the  second  of  these  sources.  In  gas,  candle,  and  oil  flames, 
the  incandescent  solid  matter  consisted  of  carbon  in  a  minute  state  of 
division.  The  amount  of  light  emitted  by  these  flames  depended, 
within  certain  limits,  first,  upon  the  quantity  of  solid  particles  of 
earlwMi  existing,  at  any  given  moment,  withiti  the  flauie ;  and  secondly, 
upon  the  temperature  to  which  tiiese  carlton  particles  were  heated. 
Now,  the  temperature  of  a  flame  might  be  affected  by  imperfect 
combustion  in  rarefied  air ;  but  it  had  been  proved,  by  the  analysis  oi' 
the  products,  that  combustion  was  equally  complete  in  the  above 
experiments  under  all  pressures ;  in  fiict,  it  was  found  that  complete 
combustion  could  be  fhr  more  easily  secured  in  rarefied  air,  than  in  air 
at  the  ordinary  atmcspherie  pressure.  Other  experiments  also  showed, 
that  the  temperature  of  a  flame  wh'J  not  materially  affected  by  the 
pressure  of  the  air  iu  which  it  was  ))uining  ;  consequently,  it  was 
interred  that  the  dimiiuitiou  of  lumiuo'-lty  iu  rarefied  atmospheres, 
was  not  due  either  to  imperfect  combustion,  or  to  reduction  of 
temperature. 

The  diminution  of  light  must  therefore  arise  fVom  the  decrease  of 
the  amount  of  solid  carbon  sepainted  mthin  the  flame ;  and  this  the 
speaker  believed  to  be  due  to  the  admission  of  oxygen  in  larger  quan- 
tities into  the  interior  of  the  flam^when  the  atmosphere  was  rarefied. 
It  was  shown  by  experiment,  tliat  tlic  admission  of  a  comparatively 
small  amount  of  air,  and  consequently  of  oxygen,  into  tlie  interior  of 
a  gas  llaiiie,  immediately  reduced  tlie  illuminating  power  of  the  latter 
to  a  very  uxaiked  extent  ;  the  carbon  particles,  instead  of  being 
separated  as  such  in  the  interior  of  the  flame,  being  at  once  oxidbea 
to  carbonic  oxide.  This  increased  access  of  oxygen  to  the  interior  of 
a  flame  burning  in  rarefied  air,  was  believed  to  be  due  to  the  greater 
mobility  of  the  particles  of  expanded  gases,  which  enabled  the  gases 
of  the  flame  and  the  circumambient  air  to  Commingle  more  rapidly 
Uiiiu  at  ordinary  atmospheric  j)ressure. 

The  cause  of  the  less  rapid  decrease  of  the  light  of  flames  burning 
in  atmospheres  below  14  inches  of  mercurial  pressure  wa4>  due  to  tlie 
comparative  prominence  assumed  by  the  light  of  the  incandescent 
gaseous  matters  of  the  flame  at  such  high  stages  of  rarefaction ;  this 
gaseous  illummation  being  afiected  by  pressure  to  a  much  less  extent 
than  that  aflbrded  bv  incandescent  carbon  particles. 

In  bis  celebrated  researches  on  flame,  Davy  had  not  overlooked  the 
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diminution  of  liglit  by  decrease  of  pressure,  but  he  had  oot  detennined 

the  diminution  quantitiUively  nor  indicated  its  cause. 

Tfie  sjjeaker  stated  in  conclnsion,  tluit  he  had  only  yet  imperfectly 
exieurlfd  his  inquiry  to  pressures  higher  than  that  of  the  atmosphere; 
but,  t-u  lar  as  ihase  experiments  went,  they  appeared  to  indicate  that 
tbe  law  which  had  been  elicited  for  lower  pressures,  also  held  good  for 
proflsom  above  that  of  the  atmoaphere. 

[E.  F.] 


KXiUA  HVEXISG  MEETING. 
Monday,  March  18,  1861. 

m 

Sir  UoDKRicK  I.  MuRt  iiisoN,  D.C.L.  F.K.S.  Vice-l^resident, 

iu  the  Chair. 

M.  F.  P.  DU  CilAILLU. 

Perianal  Narraiire  of  Air  TraveU  in  Western  Central  Africa, 

[Mo  Abstract  giveo.j 


^    ..L  o  i.y  Google 


Google 


WEEKLY  EVENING  MEETING, 
Friday,  March  15,  1861. 
Sib  Hma  Houuahp,  Bart.  M.l>.  F.BJS.  in  the  Chair. 

Latimsb  CiiAxx,  Esq* 

Oh  Electrical  (Quantity  and  Iniemiiy, 

The  modifications  of  the  strength  of  the  electric  current  in  dj^nanuc 
electricity,  and  In  the  amonnt  of  charge  In  atatic  electricity,  are  at 
present  luuaUy  defined  by  the  terms  Qnantity  and  Intensity.  The 
speaker  pointed  out  that  the  expression  intensity,  as  ordinarily  under- 
stood, really  involved  two  perfectly  distinct  qualities,  and  dwelt  on  the 
advantage  which  would  nccnie  to  electrical  science  by  the  habitual 
separation  of  the  complex  idea  of  iiitcDsity  into  its  two  component 
parts,  viz.  that  oitensioUf^  propomuled  by  Ohm  in  his  celebrated 
mathematical  investigatioD  of  the  galvanic  circuit  \  and  that  oi  quantity, 
aa  developed  by  Faraday  in  those  valoable  researches  In  which  he 
established  the  definite  quantitative  character  of  eleetnMihemical 
decomposition  and  the  action  of  electricity  on  the  galvanometer.  The 
term  tension,"  as  here  used,  is  intended  to  convey  the  same  idea  as 
the  expression  plprtromotive  force,  or  vls  the  term  "electric  y>otential,** 
employed  by  Green  and  other  nintliematicians,  and  is  entirely  dis- 
sociated from  the  idea  of  quMntity  i  both  terms  are  equally  applicable 
to  electricity  at  rest  or  in  motion. 

The  qtuaUUif  of  electiteity,  both  in  its  statie  condition  and  in  its 
motion  throngh  condnetors,  usually  varies  directW  as  the  tenstoo,  and 
hence  their  joint  effects  have  been  ordinarily  confounded  together  and 
attributed  to  one  cause  under  the  name  of  Intensity ;  but  since  the 
tension  and  quantity  do  not,  under  all  circumstances,  vary  in  the  same 
ratio,  there  exists  an  absolute  necessity  for  their  clear  separation 
before  r^riv  miinerical  reasoning  can  be  fonnded  on  them.  (/a<^s  of 
the  indepeuiient  variation  of  tension  arid  quantity  were  shown,  and  it 
was  pointed  out  that  all  the  most  striking  properties  of  electricity,  such 
as  the  decomporitioo  of  water  and  salts,  the  combustion  of  metals,  the 
defleetioa  of  the  galvanometer,  the  attraction  of  the  electro-magnet, 
and  the  physiological  effects  of  the  current  were  really  dependent,  as 
regards  their  magnitude  and  energy,  solely  on  the  quantity  of  eleo- 
Voin  ni.  (No.  84.)  2  A 
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tricity  passing.  Their  greater  energy  when  the  tension  was  increased, 
was  an  indirect  effect,  due  not  to  that  tension,  but  to  the  increased 
quantity  which  passed  in  a  given  time  by  TcaaoD  of  the  increaaed 
tensioD.  A  nilvanometer  wound  with  a  few  tnms  of  thick  wire  was 
shown  to  he  deflected  as  powerfully  by  one  cell  as  by  six,  or  even  by 
600  cells  of  the  same  size,  because  by  reason  of  its  shortness  the  wire 
conveyed  freely  the  wliole  quantity  wliich  one  cell  could  produce,  wliich 
was  tlie  same  as  that  produced  by  the  whole  600 ;  but  any  alteration 
in  tlie  bize  of  the  cell  produced  a  consequent  change  in  tiie  quantity 
and  in  the  defection  of  the  galvanometer.    On  the  other  hand,  a 

Salvanometer  with  many  thousand  turns  of  fine  wire  gave  the  same 
efleetton  with  a  battery  formed  of  a  small  gun>cap,  as  with  one  of 
twenty  square  feet  of  surface,  because  the  quantity  in  this  case  was 
regulated  and  limited  not  by  the  size  of  the  plates,  but  by  the  power 
of  conduction  of  the  wire ;  the  quantity  being  therefore  the  same  in 
both  cases.  In  every  case  the  deflection  was  dependent  solely  ow  tlie 
quantity  of  electricity  actually  pasdng  through  the  instrument  with- 
out reference  to  its  tension. 

The  combustion  of  metals  was  shown  to  be  a  phenomenon  depen- 
dent on  quantity,  and  not  on  tension ;  one  cell  of  Grove's  battery 
ignited  a  certain  length  of  platina  wire ;  and  whatever  its  size  it  would 
ignite  no  greater  length  ;  but  two,  three,  or  more  cells  ww  shown  to 
ignite  two  and  three  times  the  original  length,  the  quantity  passing  in 
the  greater  length  being  under  the  higher  teiisioFi.  precisely  the  same 
as  in  tlie  original  length.  This  exj)lained  Faraday's  oft  misunderstood 
renuiik,  that  the  same  quantity  of  electricity  which  would  ignite  an 
inch  of  wire,  would  ignite  a  foot  or  a  mile. 

The  pain  and  shock  experienced  on  touching  a  powerful  battery,  or 
shocking  coil,  or  Leyden  jar,  were  proportionate  to  the  quantity  of 
electricity  passing  through  tlie  system,  and  not  to  the  tension.  A 
carrier  ball  or  minute  Leyden  jar  charged  to  the  highest  tenskm,  would 
produce  no  sensation  if  the  quantity  were  absent,  and  the  «ame  was 
the  case  witli  a  Zamboni's  pile.  Sparks  nearly  eighteen  inchis  long 
were  received  from  an  electrical  machine;  but  although  of  this  high 
tension,  they  produced  no  violent  j)hysioIogical  effects,  owing  to  tlieir 
deficiency  in  quantity.  Long  sparks,  nevertheless,  produced  greater 
effects  than  short  ones,  because  at  double  the  striking  distance  the 
tension  is  doubled,  and  the  quantity  is  therefore  twice  as  great.  The 
quantity  contained  in  a  Leyden  jar  or  batter)'  is  comparatively  great,  and 
the  effect  on  the  system  proportionately  violent.  Two  condition**  were 
necessary  for  these  effects  :  first,  that  the  qtnintity  present  should  be 
considerable;  and  secondly,  that  the  tension  should  be  sufHciently 
great  to  make  it  |mss  through  the  system.  A  battery  of  two  or  three 
cells,  which  could  readily  fuse  platina  wire,  was  shown  to  produce  no 
painful  sensation  on  the  tongue,  because,  although  the  quantity  was 
abundant,  the  tension  was  low ;  whUe  another  &ttery  of  600  eeUs, 
which  produced  the  most  intolerable  shock  to  the  system,  had,  from 
its  deficiency  in  quantity,  scaioeiy  any  power  to  fuse  wire.  The 
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Huiuiikorli  coil  combined  very  high  tension  with  considerable  quantity, 
and  its  physiological  effects  were  therefore  very  violent. 

A  frietional  maehioe  was  exhibited  by  Mr.  Varley,  constniet^Hl 
on  a  plan  of  Dr.  Wintei^a ;  the  plate  was  of  vulcanite,  or  Tttlcanized 
India  rubber,  about  three  feet  in  diameter,  excited  by  amalgam  in  the 
usual  way  ;  its  peculiarity  was  a  large  and  lofty  wooden  ring,  with  a 
metallic  rod  in  its  interior,  which,  by  its  overshadowing  inductive  in- 
fluence, increa!»ed  the  length  of  the  sparks  from  six  or  seven  inches  to 
nearly  eighteen. 

The  forces  of  electrical  attraction  and  repulsion  are  sometimes 
stated  to  vary  as  the  square  of  the  intendity,  twmetinies  as  the  square 
of  the  quantitv,  and  soreetimes  as  the  square  of  the  distance ;  but  it 
was  contended,  that  these  effects  were  due  to  the  circumstance  that  the 
quantity  usually  varies  iu  the  same  ratio  as  the  tension,  and  as  the  dis- 
tance ;  and  that  nil  the  phenomena  were  more  rationally  explained  by 
the  assumption  that  electrical  attraction  and  repulsion  vary  in  the 
simple  ratio  of  the  quantity  and  of  the  tension,  and  of  the  distance 
inversely. 

The  instances  in  which  the  quantity  present  is  not  simply  depen- 
dent on  the  tension,  are  those  in  which  other  dectri'fied  bodies  are 
present,  which,  by  their  induetive  influence,  affect  the  quantity  present 
in  all  bodies  in  their  vicinity  withoat  necessarily  affecting  their 
tension.  An  insulated  cylinder  was  connected  with  the  positive  i)oleof 
a  Daniell's  battery  of  COO  cells,  its  negative  pole  being  connected  with 
the  earth  ;  so  that  the  cyiiuder  was  in  a  condition  to  give  off  a  powerful 
and  visible  current  to  another  wire  connected  with  the  ground  ;  in  this 
condition  a  positively  electrified  disc  was  approached  to  it,  and  by  its 
inductive  influence  was  shown  to  render  one  end  of  the  cylinder 
electrically  negative,  so  that  a  carrier  ball  applied  to  that  end  showed 
it  to  have  a  negative  cliarge,  thds  y^resenting  the  apparent  paradox  of 
a  n^ative  electrified  body  giving  off  a  positive  current  to  the  earth,  or 
mce  versd.  One  end  was  negatively  electrified,  and  the  other  end 
positively,  hut  tlie  tension  was  the  same  everywliere. 

According  to  tlie  ordinary  way  of  regarding  this  class  (jf  phenomena, 
it  was  usual  to  state  that  the  ends  of  the  cylinder  acquired  a  slate  of 
positive  or  negative  mtensUif,  or  that  they  had  their  Intensity  changed : 
it  was  contended  that  this  gave  an  inaccurate  idea  of  the  real  nature 
of  the  change,  and  that  the  approadk  of  an  electrified  body,  how- 
ever near  or  however  violently  it  might  be  excited,  could  not  in  the 
slicrhtest  degree  affect  the  tension  of  a  eondrictiTrfr  body,  which  was  in 
connection  with  the  earth:  tlie  only  itiliuenceit  could  have  would  be 
to  alter  tlie  (pfntitthj  in  the  second  body,  by  driving  a  })ortion  of 
its  electricity  downwards  to  the  earth.  It  might  be  assumed  as  a  law 
that  the  tension  of  the  electricity  in  evert/  part  of  a  conducting  body  of 
moderate  dimeneiane  was  the  same^  notwithstanding  the  vicinity  of  other 
electrified  bodies.  If  a  positively  electrified  body  were  brought  near 
an  insulated  conductor,  the  distribution  of  the  electricity  in  the  second 
body  was  changed,  and  its  whole  tension  was  raised,  but  the  tension 
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remained  everywhere  unifonn,  and  yna  9B  high  at  the  negative  as  at 

the  positive  end. 

The  fall  of  tension  in  electricity  was  always  accompanied  by  its 
conversion  into  heat;  the  ignition  of  wire  by  the  voltaic  current,  the 
inteuiie  heat  of  the  voltaic  arc,  and  the  heat  and  light  of  tlie  electric 
disdiarge  and  of  the  ipui^*  were  all  easei  of  the  evolntion  of  beat  con^ 
sequent  on  the  fall  of  tendon,  and  the  qoanti^  of  heat  evolved  was 
apparendv  iUreeUif  pnpGrtionate  to  the  fall  lenfion  «Pt<Am  a  ^inm 
9pace  ana  to  the  quantity  of  electricity  passing. 

In  the  case  of  electric  telegraph  conductors  and  submarine  cables, 
it  was  shown,  from  a  carefully  conducted  and  extensive  series  of  experi- 
ments, that  the  tension  falls  with  the  most  perfect  rr  "xnlarity  from  the 
positive  pole  of  the  battery  to  the  end  in  connection  with  tlie  earth,  in 
accordance  with  tiie  law  of  Ohm ;  and  since  the  quantity  of  electricity 
held  under  induction  varies  in  the  same  ratio  as  the  teniioni  the  distrl* 
bation  of  the  eharge  in  a  cable  follows  preeisely  the  tame  law.  It  re- 
sults from  this,  that  If  a  cable  with  a  corrent  flowing  through  it  be 
divided  into  any  number  of  equal  sections,  and  the  quantity  in  the  sec- 
tion connected  with  the  earth  be  taken  as  unity,  the  quantities  in  all  the 
other  parts,  whatever  tlieir  number^^  will  be  in  the  ratio  1,  3,  5,  7,  9, 
11,  &c.  So  that  if  li  cable  be  divided  into  two  halves,  the  qoantities 
will  be  in  the  ratio  of  one  to  three. 

The  speaker  stated  that  he  had  ascertained  that  in  the  voltaic 
battery,  the  presence  of  two  metals  was  not  an  essential  condition-^- 
the  necpitive  metal  was  not  neoesssry  for  the  formation  of  the  deetrie 
current,  but  only  for  Its  after  detectlott  and  exhibition.  A  simple 
mass  of  copper,  iron,  zino,  or  any  oxidisable  metal,  when  laid  on  tiie 
,  moist  earth,  formed  a  complete  battery  in  itself,  giving  positive  electri- 
city to  the  earth,  and  quickly  assuming  a  negative  tension,  which  it 
would  communicate  to  any  other  body  resting  on  it  or  in  contact  with 
it,  as,  for  instance,  a  length  of  submarine  cable.  If  a  cable  thus 
charged  were  afterwards  removed  and  applied  to  any  more  electro- 
negative metal,  such  as  platinum,  or  to  carbon,  tlie  charge  would 
return  to  the  earth ;  and  it  was  found  by.measurement  that  the  charge 
thus  acquired  by  a  cable  was  eiaeUy  the  same  as  if  the  two  metaJs 
bad  been  employed  simoltaneously  in  the  ordinary  form  of  a  galvanic 
couple.  If  the  mass  of  zinc  were  permanently  connected  with  the 
non-oxidisahle  or  less  oxidisable  metal,  and  thus  with  the  earth,  the 
tension,  being  constantly  destroyed  and  as  constantly  renewed,  would 
form  a  constant  current,  becomirip:  in  fact  a  voltaic  couple.  If  the 
connection  with  the  earth,  instead  of  being  miidc  through  anotiier  metal, 
were  made  through  any  inert  conducting  substance  or  liquid,  the  same 
constant  corrent  would  be  produced,  thus  forming  the  welMuiown  case 
of  a  voltaic  battery  with  one  metal  and  two  liquids. 

After  the  oondusion  of  the  discourM,  Mr.  Clark  stated,  with  refer- 
ence  to  Faraday's  discovery  of  specific  inductive  capacity,  that  in  the 
course  of  some  investigations  conducted  in  conjunction  with  Professor 
Hnghes,  they  had  observed  that  every  different  dielectric  possessed 
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its  own  specific  law  of  variation  of  inductive  capadty  with  respect  to 
distance.  With  air  it  variefl  ns  the  distnnre,  inversely ;  but  with 
gutta-percha  it  was  more  nearly  as  the  sijuare  root  ;  with  India-rubber 
a!id  white  wax  it  was  intermediate  between  tlic  two  ratios,  and  the 
law  of  variation  was  diiierent  with  every  substance  tried.  From 
which  it  would  result  that  otmrrm  who  deduced  the  specific  inductive 
eapiieity  of  any  material  finom  euMfimeDts  on  half-ineh  platai,  woold 
anive  at  yeiy  difibrent  raiiilla  fiom  othaiB  who  operated  on  indi 
plates. 


WEEKLY  EVENING  HEETIKai 
Friday,  Haieb  22,  1861. 

The  Rev.  John  Ba&low,  M.A.  F.R.S.  Vice-President,  in  the  Chair. 

Professor  II.  D.  Rckjebs,  F.R.S.  F.G.S.  &c. 

On  tk«  Ori^  <^thg  Parallel  Roads  of  Lochaber  (Glm  Ho^), 

JSeotiamL 

The  speaker  preface  his  account  of  these  curious  features  in  the 
scenery  of  Lochaber,  by  stating  that  he  was  induced  to  retail  i  attention 
to  them  from  having,  during  four  recent  visits  to  the  ground,  discovered 
certain  phenomena  not  bitl^rto  notioed  or  theoretically  coneidered  by 
any  of  the  able  and  distinguished  observers  who  have  preceded  him. 
Though  nearly  all  tlie  more  prominent  peculiar  characters  of  the  scene 
have  been  very  skilfully  described  and  discussed  by  Dr.  MacCulloch, 
Sir  Thomas  Dick  Lauder,  Charles  Darwin,  Esq.,  David  Milne  Home, 
Esq.,  Professor  Agassiz,  Sir  George  S.  Mackenzie,  Robert  Chambers, 
Es(|.,  and  others.  Professor  Ro«]^ers  has  been  led  by  a  careful  study  of 
the  structure  of  the  so-called  Parallel  lioads,  and  a  perusal  of  the 
views  of  those  eminent  geologists,  to  reject  all  the  hypothesss  thus  fiir 
offienred  in  explanation  m  the  teimces  as  inadequate,  and  to  recognize 
in  the  facts  about  to  be  developed,  a  key  to  a  solution  of  the  problem 
of  their  origin,  which  he  thinks  may  prove  satisfactory. 

Tlie  geographical  area  of  the  parallel  roads  may  be  defined  as 
embraced  between  Loch  T.a^'^gan  and  Loch  Lochy,  east  of  the  (  'rt';it 
Caledonian  V;ill(  v.  They  are  chiefly  restricted  indeed  to  Glen  Speau, 
Gleu  Roy,  and  two  or  three  immediately  adjaceul  smaller  gleos.  One 
belt  of  tbem  ranges  from  near  Spean  Bridge  up  the  Spean  VaDej,  to 
beyond  the  head  of  Loch  Lagoan ;  another  up  Glen  Baj  to  the  water- 
sheds at  its  very  head,  and  a  1£ird  thioa§^  Glen  Glad  to  its  head* 
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The  "Roads,"  or  81h  Ives,  t!ipm«:eh  cj^,  nrc  of  various  heights  above 
tl»e  sea,  the  lowest  of  the  three  conspicuous  ones  in  Glen  Koy  having 
an  ele\  ;itio[i  of  about  850  feet,  the  middle  one  a  height  of  about  1060 
feet,  aiici  the  highe&i  u  level  of  nearly  1140  feet.  Other  much  fainter. 
Still  tuore  elevated  shelves,  are  discernible  in  Glen  Gluoi^  but  all 
hitherto  seen  lie  below  a  horiason  of  1500  feet  above  the  ooean.  These 
Parallel  Roads,  as  they  are  called,  are  apparently  level,  and  therefore 
parallel,  but  further  instrumental  meafiurements  are  neo^sary  before 
the  question  of  their  absolute  horizontality  can  be  regarded  as  satis^ 
£u}torily  settled. 

They  constitute  a  most  impressive  feature  in  the  scenery  of  the 
lonely,  tn  t  lt&s  glens  containing  them.  Winding  into  all  the  rece^*» 
and  round  the  bhoulders  of  the  mountaiuii  which  they  imprint,  they 
present  at  first  view  a  striking  likeness  to  a  suooesnon  of  raised 
bcSiches  deserted  by  their  waters. 

Seen  in  profile,  as  when  looked  at  horizontally,  they  resemble  so 
many  artificial  hill-side  cuttings,  the  back  of  each  terrace  lying  within 
the  general  profile  of  the  mountain  slope,  while  the  front  or  outer  edge 
is  protuberant  beyond  it.  Kach  is  indeed  a  nearly  level,  wide,  deep 
groove,  in  the  ejisily  eroded  bouider  drift,  or  diluvium,  which  to 
a  greater  or  less  tliic  kiu  ss  everA  where  clothes  the  sides  of  these  moun- 
tainii.  They  vary  greully  in  dieir  relative  distinctness,  being  in  some 
places  vaguely  discernible,  while  in  other  spots  they  indent  the  sarfiice 
very  plainlv,  just  as  they  happen  to  be  narrow  and  to  coincide  In  slope 
with  the  hill,  or  to  be  broad  and  ^>parently  level  from  front  to  baclc 
Where  most  indistinct  they  are  frequently  not  discernible  at  all  when 
we  stand  upon  them  ;  though  we  may  in  a  favourable  light  have  detected 
their  position  and  course  from  the  o])posite  side  of  the  glen,  or,  bettor 
still,  from  the  bed  of  the  valley.  The  conditions  which  intim  ncr  this 
fluctuation  in  disiinctneRs,  promise,  if  carefully  observed,  to  <Iis]  (d 
much  of  the  obscurity  which  has  hitherto  invited  the  origin  uf  tiie 
terraces*  The  modifying  circumstances  seem  to  be  all  referable  to  one 
general  condition,  that  of  exposure  to  a  current  or  inundation,  supposed 
by  the  speaker  to  have  rushed  through  these  glens  from  their  mouths 
to  their  heads,  or  upper  ends.  Thus  it  would  appear:  Ist,  With 
scarcely  an  exception,  that  each  terrace  or  shelf  is  most  deeply  im- 
printed in  the  hill-sido,  nnd  is  broadest  where  the  s-tirfacethns  gror»vpd 
has  its  aspect  (/i,n'fi  the  f/len  on  tow^ards  tlie  Atlaiiti<',  and  is  faintest 
where  the  ground  fronts  towards  the  head  ol  the  valley  on  the  German 
Ocean.  2nd,  While  conspicuous  on  the  open  sides  and  the  westward 
sloping  shoulders  of  the  hills,  the  terraces  di§mear  aUogetker  in  the 
recesses  or  deeper  oorries  which  sooUop  the  fianks  of  the  mountains. 
8rd,  £ach  shelf,  or  road,"  grows  usually  more  and  more  distinct  as  it 
approaches  the  head  of  its  own  special  glen,  until  those  of  the  two  op- 
posite sides  meet  in  a  round  sj)bon-like  point. 

A  fact  obviously  material  to  n  true  theory  of  the  orip-in  of  the  ter- 
races,  is  that  each  of  them  coincides  accurately  in  level  witii  some  water- 
shed or  notch  iu  the  liills  leading  out  from  itfi  glen  into  some  other  glen 
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or  valley  adjoining,  a  coincidence  suggestive  of  the  notion  that  they 
were  formed  by  the  p^rooving  agency  of  a  Hood  pouring  through  the 
glens  while  it  was  em  bayed  at  the  respective  levels  of  these  natural 
waste  weirs.  In  confirmation  of  this  view  that  they  were  transiently 
eaaaed  by  erosive  eamDts  held  aooeeaavely  at  the  heights  of  the  har- 
riers on  whose  levels  the  terraces  termiDate,  we  have  as  anotli^  in- 
terestUig  general  feature,  a  remarkable  ruggedness  of  the  bed  of  each 
external  glen  just  outside  the  water-shed  or  bjirrier  closing  the  glen 
which  contains  the  terrace.  These  rough  and  deep  ravine?^,  contrasting 
strikingly  witt)  ihv  smooth  spoon-like  tenninations  of  the  terrace-lined 
glens  which  head  against  them,  strengthen  the  suggestion  already 
awakened  by  tlie  marks  of  horizontal  erosion  in  the  terraces  themselves, 
that  the  notdiM  or  pasMs  which  determiDed  the  grooving  of  the  hill 
sides  OD  their  one  hand  were  external]  j  the  sites  of  so  many  stupeodoas 

cat  :ir;  lets. 

The  internal  structure  or  disposition  of  the  matter  composing  each 
terrace,  affords  a  fiirthor  and  striking  corroboration  of  t]m  hypothesis 
of  the  passage  of  an  erosive  flood.  It  consists  in  an  **  oblitjur  lamiiia- 
tion,"  or  slant  bedding  of  the  constituents  of  the  shelves  ;  viz.  the 
layers  of  gravel,  sand,  and  other  sediment,  such  as  geologists  familiarly 
recognijEe  as  the  result  of  a  strong  emrrmti  pushing  forward  the  frag- 
mentary material  which  it  is  depositing,  and  whidi  is  held  by  them  to 
indicate  in  the  direction  towards  which  the  laminse  dip,  the  direction 
towards  which  the  current  has  moved.  Now  it  is  a  most  suggestive 
pec4iliarity  in  the  oblique  bedding  of  these  terraces,  that  the  **  dip."  or 
downward  slant,  is  almost  invariably  up  the  glen,  or  towards  its  head,  and 
tioi  down  the  qlpn,  or  towards  the  Atlantic,  as  we  must  supj>ose  it  would 
have  been,  had  tlie  glen  been  a  bay  of  tlie  sea,  and  these  materials  but 
portions  of  ordinary  sea  beaches,  indeed,  thb  ftatnre  is  of  itself  enough 
to  suggest  an  origin  due  to  a  strong  current  sweeping  inward  from  the 
Atlantic,  and  across  the  water-shed  of  the  island  to  the  opposite  sea. 

The  speaker  next  proceeded  to  examine  the  hypotheses  of  his  pre- 
decessors in  tliis  infpjirv  respecting  the  oripn  of  the  Parallel  Roads. 
They  all  assume  the  agency,  in  one  form  or  another,  o{  standing  water, 
either  the  ocean  in  its  ordinary  state  of  repose,  or  lakes  pent  within  the 
glens. 

The  notion  that  a  quietly  resting  sea  has  fashioned  these  level  riiciTes 
is  refhted  by  the  fiust,  that  they  are  not  true  marine  beaches ;  they  ex- 
hibit none  of  the  dislinc^ve  natures  of  genuine  sea-shores,  not  a  vestige 
of  any  marine  organic  remains,  no  rippled  sands,  no  shingle,  and  no  sea 

cliffs.  They  display  in  like  manner  a  total  absence  of  tlie  distinctive 
marks  of  lake  sides  ;  not  one  lacustrine  organism,  neither  fresh-water 
plntit.  nor  animal  having  ever  l)een  discovered  imbedded  in  them.  A 
further  diiliculty  attends  the  lake-hypothesis  in  the  uec^sity  it  iinposes 
of  discovering  a  flMsible  cause  of  blockage  of  the  glens  at  different 
stations  above  their  months,  to  pond  the  waters  to  the  respective  heights 
of  the  termces.  Though  much  ingenuity  has  been  expended  upon  this 
part  of  the  problem,  no  suggestions  yet  offered  of  barriers  of  gravel, 
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acoiimulated  hy  currents  or  glaciers  from  lien  Nevis,  can  be  regarded  as 
admissible,  inuisiuuch  as  there  are  uo  traces  of  any  such  in  any  of  those 
lociilities  where  alone  we  can  assume  tbeiu  to  have  eiuBted  to  produce 
the  required  embaying  of  the  waters.  In  this  entire  absence  of  all 
lemtiaDts  of  the  sappoeed  oatunl  dams  across  the  glens,  it  is  most 
unphQoiopliioal  to  take  for  granted  their  total  oblitention,  where  no 
cause  has  or  can  be  assigned  which  can  have  so  effaced  them*  • 

On  the  other  hand  the  hypothesis  of  successive  sea  margins,"  or 
sea  levels,  is  overthrown  by  the  now  well-established  deduction  from 
the  speaker's  own  recent  measurements,  that  none  of  the  several  shelves, 
or  "roads,**  of  Glen  Hoy  correspond  in  level  with  any  of  those  seen 
in  the  adjacent  valley  Glen  Gluoi,  a  marked  discrepancy  separating 
the  two  groups  of  terraces  ioto  two  bdependently  produoed  systems* 
It  can  be  shown,  moreover,  that  these  discordances  m  interval  Mtweeo 
the  shelves  of  the  glens  respectively,  are  such  as  cannot  be  aooonnted 
for  on  any  supposition  of  "  faults,"  or  dislocations  of  the  earth's  crust, 
in  the  ground  between  the  two  glens.  Equally  inoompntible  are  all 
the  facts  of  the  relative  levels  of  the  shelves,  with  the  notion  that  they 
are  possibly  sea  beaches  which  may  have  undergone  an  unequal  amount 
of  elevation  by  an  oblique  secular  rise  oi  the  laud,  such  as  is  knowu  to 
be  veiy  gradually  taking  phice  on  some  coasts  at  the  present  day.  Tlie 
individual  terraces  are  too  nearly  level  to  admit  of  this  explanation ; 
aince  so  wide  a  warping  of  the  crust  fnm  horizontality  within  so  limited 
a  space  as  separates  the  two  glens,  would  have  left  them  conspicuously 
sloping.  Besides,  the  two  systems  nf  sliclves  are  wholly  iijsulated  from 
each  other,  and  the  notion  of  tlieir  origin  as  sea  beaches  gradually 
elevated  implies  a  continuity  between  them,  together  with  certain 
agreements  in  their  direction^i  of  derivation  from  ieveluess  wliich  we 
iniolly  fisdl  to  perceive. 

In  condttsion,  the  speaker  proceeded  to  sketch  the  action  to  which 
he  ascrilMSs  the  formation  of  all  these  shelves  or  parallel  roads.  He 
supposes  the  several  terraces  to  have  been  cut  or  grooved  in  the  sides 
of  the  hills  by  n  •r^'oat  inundation  from  the  Atlantic,  engendered  by 
some  wide  enrlhijuake  disturbance  of  the  ocean's  bed,  and  forced 
against  the  western  slope  of  Scotland.  The  features  of  the  country 
indicate  that,  while  a  portion  of  such  a  vast  sea-tide  entering  the  Firth 
of  Linnhe  rushed  straight  across  the  island  through  the  deep  natural 
trench.  Glen  Mor,  or  Uie  great  Caledonian  valley,  a  branch  current 
was  deflected  from  this,  and  turned  by  the  Speau  valley  and  its  tribu- 
tary glensy  Glen  Roy  and  Glen  Gluoi,  into  the  valley  of  the  Spey, 
and  so  across  to  the  German  Ocean.  In  this  transit,  the  deflected 
waters  first  enil)ave<l  in  these  ♦jjlens,  htuI  tliefi  filling  and  pouring 
through  them,  would,  upon  rising  to  tlie  level.s  of  the  successive  water- 
sheds, or  low  passes,  which  open  a  way  to  the  eastern  slope  of  the  island, 
take  on  a  swift  current  through  each  notch,  and  as  long  as  the  outpour 
nearly  balanced  tlie  influx,  this  current,  tempmrily  stationary  in 
height,  would  carve  or  groove  the  soft  drift "  of  the  hill-side.  But 
the  influx  increasing,  the  stationary  level  and  grooving  power  of  the 
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surface  stream  would  cea!?p,  and  would  only  recommence  when  the 
flof>d  rising  to  the  brim  ot"  auotlier  natural  dam,  a  new  temporary 
equilibrium  wouid  be  established,  a  new  horizontal  superlicial  current 
set  in  motiou,  and  a  second  shelf  or  terrace  begin  to  be  eroded  at  Llie 
higher  level.  So  each  of  the  panllel  roeds  ia  eonoeived  to  have  been 
produeed  in  the  aaoceniTe  stages  of  the  rising  of  one  vast  steady 
ineunien  of  the  sea.  The  lapsing  back  of  the  waters,  anaeoompanied 
by  any  sharp  localized  sor&oe  cnrrents,  tbroogh  the  passes,  oould 
imprint  no  such  dcfinod  marks  on  the  surface,  nor  accomplish  more 
tiian  a  faint  and  partial  obliteration  of  the  terraces  just  previously 
excavated  duiiuf^  their  incursion.  This  procedure  was  elucidated  by 
likeuiug  it  to  what  takes  place  wheu  we  aiiuw  a  steady  but  gradiuUly 
%net€a$mg  jet  of  water  to  flow  into  a  tanik,  pori^ted  laterally  with 
several  oriflees  at  suceeadve  elevations^  the  outlets  pennitting  a  some- 
what less  rapid  rate  of  discharge  than  is  equivalent  to  the  influx.  If 
such  a  tank  be  smeared  internally  with  soft  clay,  the  inpour  can  be  so 
regulated  in  respect  to  its  acceleration,  thnt  the  water,  ns  it  rises 
successively  to  the  levels  of  the  several  oritlccs  will  take  on  a  hori- 
zontal motion  or  current,  through,  first  tlie  lower  hole,  and  then  the 
second  and  so  on,  and,  remaining  approximately  stationary  for  a  brief 
while  oo  the  level  of  each,  will  groove  the  soft  clay  as  it  passes  out, 
until  it  swells  above  the  oriflee  to  reach  the  next  Some  such  process 
as  this  at  the  notches  which  terminate  the  glens  will,  it  is  beUeved, 
account  for  the  tenaoes  and  all  the  features  which  belong  to  them. 

[H.  D.  B.] 
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WEEKLY  EVENING  MEETING, 
Friday,  April  12,  1861. 

Wllham  Bob£bt  Grove,  Esq.  M.A.  Q,C.  F.R.S.  Vice-President, 

in  the  Chair. 

PaOFESSOU  USLICBOLTZ,  F.R.S. 

Om  ike  AppUeaHon  ofdke  Law  ef  ihe  Comervation  pf  Force  to 

Orgame  Nature* 

Thb  OKMt  important  progress  in  natural  philosophy  by  which  the 
present  century  is  distinguished,  has  been  the  discovery  of  a  general 
]fiw  which  embraces  nfid  rules  the  varions  hrnrirlH^s  of  pliysics  and 
cliritiistry.  This  haw  is  of  as  much  importance  lor  the  hi^liest  sj^ecula- 
tittii^  oil  tlie  nature  offerees,  as  for  immediate  and  practical  (juestions 
iu  tiie  construction  of  machines.  This  law  at  present  is  commouly 
known  by  the  name  of  the  principle  of  conservation  of  force."  It 
might  be  better  perhaps  to  call  it,  with  Mr.  Bankine,  the  conservation 
of  energy,"  because  it  does  not  relate  to  that  which  we  call  commonly 
intensity  of  force ;  it  does  not  mean  that  the  intensity  of  the  natural 
forces  is  constant :  but  it  relates  more  to  the  whole  amount  of  power 
whif'h  can  be  pnined  by  any  natural  process,  and  by  which  a  certain 
amount  of  work  can  be  done.  For  example :  if  we  apply  this  law  to 
gravity,  it  does  not  mean,  what  is  strictly  and  undoubtedly  true,  that 
the  intensity  of  the  gravity  of  any  given  body  is  the  same  as  often  as 
the  body  is  brought  back  to  the  same  distance  from  the  centre  of  the 
earth.  Or  with  regard  to  the  other  elementarv  forces  of  nature— for 
example,  chemical  force :  when  two  chonical  dements  come  together, 
so  that  they  influence  each  other,  either  from  a  distance  or  by  imme- 
diate contact,  they  will  always  exert  the  same  force  upon  each  other — 
the  same  force  both  in  intensity  and  in  its  direction  and  in  its  qnantity. 
This  other  law  indeed  is  true  ;  but  it  is  not  the  same  as  the  iirinciplo 
of  conservation  of  force.  AV"e  may  express  the  meaning  of  the  law  of 
conservation  of  force  by  saying,  that  every  force  of  nature  when  it 
effects  any  alteration,  loses  and  exhausts  its  fiiculty  to  effect  the  same 
alteration  a  second  time.  But  while,  by  every  alteration  in  nature,  that 
force  which  has  been  the  cause  of  this  alteration  is  exhausted,  there  is 
always  another  force  which  gains  as  much  power  of  producing  new 
alterations  in  nature  as  the  first  has  lost.  Although,  therefore,  it  is 
the  nature  of  all  inorganic  forces  to  become  exhausted  by  their  own 
working;,  the  power  of  the  wliole  system  in  which  these  alterations 
take  place  is  neither  exhausted  nor  increased  in  quantity,  but  only 
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clump^ed  iu  form.    Some  special  exam})les  will  enable  yon  better  to 
understand  tliis  law  than  any  general  theories.    We  will  begin  with 
gravity ;  that  uiost  general  force,  which  not  only  exerts  its  iiiflnenee 
over  the  whole  universe,  but  which  at  the  same  time  gives  tiie  meaus  of 
moving  to  a  sreat  number  of  oiur  maohlnet.    Cloeks  and  mailer 
machbes,  yon  know,  are  often  set  in  motion  by  a  weight*   The  same 
is  really  the  case  with  water-mills.   Water-mills  are  driven  by  falling 
water;  and  it  is  the  gravity,  the  weight  of  the  falling  water,  which 
moves  the  mill.    Now  you  know  that  by  water-mills,  or  by  a  falling 
weight,  every  machine  can  be  put  in  motion ;  and  that  by  these  modve 
powers  every  sort  of  work  can  be  done  which  can  be  aone  at  all  by 
any  machine.    You  see,  therefore,  that  the  weight  of  a  In  a\  y  body, 
either  solid  or  duid,  which  descends  from  a  higher  place  to  u  lower 
place  is  a  motive  power,  and  can  do  evety  sort  of  mechanical  woik. 
Now  if  the  weight  has  ikUen  down  to  the  earth,  then  it  has  the  same 
amount  of  gravity,  the  same  intensi^  of  gravity;  but  its  power  to 
move,  its  power  to  work,  is  exhausted;  it  most  necome  again  raised 
before  it  can  work  anew.    Tn  this  sense,  therefore,  I  say  that  the 
faculty  of  producing  new  work  is  exhausted — is  lost ;  and  this  is  true 
of  every  power  of  nature  when  this  power  has  produced  alteration. 
Hence,  therefore,  the  facully  of  producing  work,  of  doing  work,  does 
not  depend  upon  the  intensity  of  gravity.     The  intensity  oi  gravity 
may  be  the  same,  the  weight  may  be  in  a  higher  pontion  or  in  a  lower 
position,  but  the  power  to  wofk  may  be  qmte  differant   Tlie  power  of 
a  weight  to  work,  or  the  amount  or  work  which  can  be  produced  by  a 
weight,  is  measured  by  the  product  of  the  heiglit  to  whhsh  it  is  raised 
and  the  weight  itself.    Therefore  our  common  m^ure  is  foot-pound; 
that  is,  the  product  of  the  number  of  feet  and  the  number  of  pounds. 
Now  we  can  by  the  force  of  a  falling  weight  raise  another  wciglit  ; 
as,  for  example,  the  falling  water  in  a  water-mill  may  raise  tlie  weight 
of  a  hammer.    Therefore  it  can  be  shown  thai  the  work  of  the  raisied 
hammer,  expressed  in  foot-pounds,  that  is,  the  weia^t  of  the  hammer 
multiplied  by  the  height  expressed  in  feet  to  whicu  it  is  raised,  that 
this  amount  of  worlt  cannot  be  greater  than  the  product  of  the  weight 
of  water  wliich  is  filling  down,  and  tlie  height  ^om  which  it  fell  down. 
Now  we  have  another  form  of  motive  power,  of  mechanical  motive 
powor  ;  that  is,  velocity.    The  velocity  of  any  body  in  this  sense,  if  it 
is  producing  work,  is  called  vis  v it-ay  or  living  force,  of  that  body. 
You  will  find  many  examples  of  it.    Take  the  ball  of  a  gun.    If  it  is 
shot  off,  and  has  a  great  velocity,  it  has  an  immense  power  of  destroy- 
ing ;  and  if  it  has  met  its  vdocity,  it  is  quite  a  hsrmless  thing.  The 
great  power  it  has  depends  only  on  its  velocity.  In  the  same  sense, 
the  vdocity  of  the  air,  the  velocity  of  the  wind,  is  motive  power ;  for 
it  can  drive  windmills,  and  by  the  machinery  of  the  windmills  it  can 
do  every  kind  of  mechanical  work.    Therefore  you  see  that  also  vdo- 
city in  itself  is  a  motive  force. 

Take  a  pendulum  which  swinc^s  to  and  fVo.  If  the  pendulum  is 
raised  to  the  side,  the  weight  is  raised  up ;  it  is  a  little  higher  than 
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when  it  hangs  straightly  down,  perpendicular.  Now  if  you  let  it  fall, 
and  it  comes  to  its  position  of  equilibrium,  it  has  gained  a  certain 
velocity.  Therefore,  at  tirst,  you  had  raotive  power  in  the  form  of  a 
nosed  weight.  If  the  pendolmn  oomes  again  to  the  pontion  of  eqiil- 
librittoiy  you  have  motive  power  in  the  fom  of  vu  9100,  in  the  form  of 
▼elodty,  and  then  the  pendulum  goes  again  to  the  other  dde,  and  it 
ascends  again  till  it  loses  its  velocity  ;  then  agaitti  vis  viva  or  velocity 
is  chnrifred  into  plf^vntion  of  the  weight :  so  you  see  in  every  }>enduluni 
that  the  power  of  i^i  ruisnd  weight  can  be  clianged  into  velocity,  and 
the  velocity  into  the  power  of  a  raised  weight.  These  two  are 
equivalent. 

Then  take  the  ehwticity  of  a  bent  spring.  It  can  do  work,  it  can 
move  maehines  or  watches.  The  cros»*bow  oontains  saeh  springs. 
These  springs  of  the  watch  and  cross-bow  are  bent  b^  the  ibroe  of  the 
human  arm,  and  they  become  in  that  waj  reservoirs  of  mechanical 

power.  The  mechanical  power  which  is  communicfited  to  them  by  the 
force  of  the  human  arm,  afterwards  is  given  out  by  a  watch  during 
thv  IK  \t  day.  It  is  sjient  by  degrees  to  overpower  the  frictiou  of  the 
wheeli*.  By  the  cross-bow,  the  power  is  spent  suddenly.  If  the 
instrument  is  shot  off,  the  whole  amount  of  force  which  is  communis 
cated  to  the  spring  is  then  again  oommunicated  to  the  shaft,  and  glN  es 
it  a  great  vu  vtm. 

Now  the  elasticity  of  air  can  be  a  motive  power  in  the  same  way 
as  the  elasticity  of  solid  bodies  ;  if  air  is  compressed,  it  can  move 
other  bodies  ;  let  us  take  the  air-gun  ;  there  the  case  is  quite  the  same 
as  with  tlie  cross-bow.  The  air  is  compressed  by  the  force  of  the 
human  arm  ;  it  becomes  a  reservoir  of  mechanical  power ;  and  if  it  is 
shot  off,  the  power  is  communicated  to  the  ball  in  the  form  of  vis  viva^ 
and  the  ball  haa  aUterwards  the  same  meehanleal  power  as  is  copi* 
mnoicated  to  the  ball  of  a  gun  loaded  with  powder. 

The  elasticity  of  eomiu'essed  gases  is  also  the  motive  power  of 
the  mightiest  of  our  engines,  the  steam-engine  ;  but  there  the  case  is 
different.  The  machinery  is  moved  by  the  force  of  the  comprised 
vapours,  but  tlie  vapours  are  not  compressed  by  the  force  of  the 
human  arm,  as  in  the  case  of  the  compressed  alr-gim.  The  compressed 
vapours  are  produced  imuiediaLely  in  the  interior  oi  the  l>oiler  by  tiie 
heat  which  is  communicated  to  the  boiler  {h>m  the  fuel. 

Too  see,  therefore,  that  in  this  case  the  heat  comes  in  the  place 
of  the  force  of  the  human  arm,  so  that  we  learn  by  this  example,  that 
heat  is  also  a  motive  power.  This  part  of  the  subjeety  the  equivalence 
of  heat  as  a  motive  power,  with  mechanical  power,  has  been  that 
branch  of  this  subject  wliich  has  excited  the  greatest  interest,  and  has 
been  the  subject  of  deep  researcli. 

It  may  be  considered  as  proved  at  present,  that  if  heat  produces 
mechanical  power,  that  is,  mechanical  work,  a  certain  amount  of  beat 
is  alwavs  lost.  On  the  other  hand,  heat  can  be  also  produced  by 
meehamcad  power,  namely,  by  friction  and  the  concussion  of  unelastio 
bodies.  Ton  can  bring  a  piece  of  iron  into  a  high  temperature,  to 


Digitized  by  Google 


360 


Prqfusor  HelmhoUz  m  the  Lam  of  ike       [April  12, 


that  it  becomes  gluwiiifj  and  luminous,  by  only  beating  it  continuously 
with  a  iiainmer.  ISuw,  if  mechanical  power  is  produced  by  heat,  we 
always  find  that  a  certain  amount  of  heat  u  lost ;  and  this  is  pro- 
portional to  the  quantity  of  mechanical  work  produced  by  that  heat. 
We  measure  mechanical  work  hy  foot-pounds,  and  the  amount  of  heat 
we  measure  by  the  quantity  of  heat  which  is  neeessary  to  raise  the 
temperature  of  one  pound  of  water  by  one  degree,  taking  the  centi- 
grade scale.  The  equivalent  of  heat  has  been  determined  by  Mr.  Joule, 
of  Maiiclifster.  He  found  that  oiip  unit  of  lieut,  or  that  quantity  of 
heat  which  is  necessary  for  raising  tiie  temperature  ut  a  pound  of  water 
one  degree  centigrade,  is  equivalent  to  the  mechanical  work  by  which 
the  same  mass  of  water  is  raised  to  423^  metres,  or  1389  English  feet. 
This  Is  the  mechanical  equivalent  of  heat. 

Hence,  if  we  produce  so  much  heat  as  is  necessary  for  laisuig  the 
temperature  <>r  one  pound  of  water  by  one  degree^  then  we  must  apply 
an  amount  of  mechanical  work  equal  to  raising  one  pound  of  watw 
1389  English  feet,  and  lose  it  for  gaining  again  that  heat. 

By  these  considerations,  it  is  proved,  tliat  heat  eannot  ben  poiulcra- 
ble  matter,  but  that  it  must  be  a  motive  power,  because  it  is  cunverted 
into  motion  or  into  mecltauical  jiower,  and  can  be  either  produced  by 
motion  or  mechanical  power.  Now,  in  the  steam-engine  we  find  that 
heat  is  the  origin  of  the  motive  power,  but  the  heat  is  produced  by 
burning  fuel,  and  therefore  the  origin  of  the  motive  power  is  to  be 
found  in  the  fuel,  that  is,  in  the  chemical  forces  of  the  niel^  and  in  the 
oxygen  with  which  the  fuel  combines. 

You  see  from  this,  that  the  chemical  forces  can  prodtice  mechanical 
work,  and  can  be  mri^jured  by  tlie  same  units  and  by  the  same 
measures  as  any  other  mechanical  force.  We  may  consider  the 
chemical  forces  as  attractions,  in  this  instance,  as  attraction  of  the 
cairbon  of  the  fuel  for  the  oxygen  of  the  air ;  and  if  this  attraction 
unite  the  two  bodies,  it  produces  mechanical  work  just  in  the  same 
way  as  the  earth  produces  work*  if  it  attract  a  heavy  body.  Kow  the 
conservation  of  mrce,  of  chemical  force,  is  of  great  importance  for 
our  subject  to-day,  and  it  may  be  expressed  in  this  way.  If  you  have 
any  quantity  of  chemical  materials,  and  if  you  cause  them  to  pass 
from  one  state  into  a  seeond  state,  in  any  way,  so  that  the  amount 
of  the  materials  at  the  beginning,  and  the  amount  of  the  materials  at 
the  end  of  this  process  be  the  same,  then  you  will  have  always  the 
same  amount  of  work,  of  mechaiiical  work  or  its  equivalent,  done 
during  this  process.  Neither  more  nor  less  wori^  can  be  done  by  the 
process.  Commonly,  no  mechanical  work  in  the  common  sense  Is  done 
by  chemical  force,  but  usually  it  produces  only  heat;  hence  the 
amount  of  heat  produced  by  any  chemical  process  must  be  independent 
of  the  way  in  which  that  chemical  process  goes  on.  The  way  may  be 
determined  by  the  will  of  the  experimenter  as  he  likes. 

We  see.  therefore,  that  tlie  energy  of  every  force  in  nature  can  be 
measured  by  tlie  same  measure,  by  foot-pounds,  and  that  the  energ>' 
of  the  whole  system  of  bodies  which  are  not  under  the  influence  of 
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any  exterior  body  must  be  constant ;  that  it  cannot  be  lessened  or 
increased  by  any  change.  Isow  the  whole  uuiverse  ruprebents  such  a 
system  of  bodies  endowed  with  dlffisrent  sorts  of  forces  and  of  energy, 
and  therefore  we  oondade  from  the  frets  I  have  brought  before  you, 
that  the  amount  of  working  power,  or  the  amount  of  eneigy  in  the 
whole  system  of  the  universe  most  Tomaitt  the  same,  quite  steady  and 
unalterable,  whatever  changes  may  go  on  in  the  \iniver<ve.  Tf  we 
accept  t!)e  hypothesis  of  J. apiece,  that  in  the  first  state  tIic  universe 
was  formed  by  a  chaos  of  nebulous  matter,  spread  out  throngh  infinite 
space,  then  we  must  conclude,  that  at  this  time  the  only  form  of 
energy  existing  in  this  system  was  the  attraction  of  gravitation,  and 
it  was  thmfore  the  same  sort  of  energy  as  is  possessed  by  a  raised 
weight.  Afterwards,  astronomers  suppose,  tliis  nebulous  matter  was 
conglomerated  and  aggregated  to  solid  masses.  Great  quantities  of 
this  nebulous  matter,  possibly  from  a  great  distance,  fell  together,  and 
thus  their  nttrnction,  or  the  energy  oi  their  attraction  was  destroyed, 
and  hence  heat  must  have  bef^Fi  produced  ;  and  the  facts  we  know  at 
present  are  sufficient  to  enable  ui?  lo  calculate  the  amount  of  this  heat, 
that  is,  of  the  whole  iieat  which  must  liave  been  produced  during  the 
whole  proeesB  of  eonglomeratiofi.  This  amount  of  heat  is  immensely 
j;reat,  so  that  it  surpasses  all  our  ideas  and  all  the  limits  of  our 
imagination.  If  we  calculate  this  quantity  of  heat,  and  suppose  that 
the  sun  contained  at  tlie  same  time  the  whole  heat,  and  that  the  sun 
had  the  same  specific  heat  as  water,  the  sun  would  be  heated  to  twenty- 
eight  millions  f)f  dep;rees,  tli  it  is,  to  a  temperature  surpassing  all 
temperatures  we  k\ni\\  on  eartli ;  however,  this  temperature  could  not 
exist  at  any  inne  in  the  sun,  because  the  heat  which  was  produced  by 
the  aggregation  of  the  masses,  must  also  be  spent  partially  by  radiation 
into  space.  I  give  only  the  result  of  these  ealculations,  in  order  that 
you  may  see  from  it  what  a  great  amount  of  heat  could  be  produced 
in  this  way.  The  same  process  goes  on  also  at  present  in  the  falling  stars 
and  meteors  which  come  down  to  the  earth  froin  ]>lRnf'tary  spaces. 
Their  velocity  is  dpvtroved  by  tlic  friction  of  tlie  air  and  by  the  con- 
cussion with  tlie  ^^^^^ace  ot"  the  earth,  and  we  see  lio\\  they  become 
luminous,  and  if  they  are  found  on  tiie  earth,  we  find  them  iiot. 

The  sun  also  at  present  is  hotter  than  any  heated  body  here  on  the 
earth.  That  is  shown  by  the  latest  experiments  made  by  P^fessofi 
Kirehhoff  and  Bunsen,  of  Heidelberg,  on  the,  spectrum  of  the  sun,  by 
which  it  is  proved,  that  in  the  atmosphere  of  the  sun,  iron  and  other 
metals  are  contained  as  vapours  which  cannot  lie  changed  into  vapours 
by  any  amount  of  heat  on  the  earth. 

Our  earth  contains  a  great  amount  of  energy  in  the  form  of  its 
interior  heat.  This  part  of  its  energy  produces  the  volcanic  })henomena  ; 
but  it  is  witliout  great  intiueucc  upon  the  piieuomena  of  the  surface, 
because  only  a  very  small  amount  of  this  beat  comes  through.  It  can 
be  calculated  that  the  amount  of  heat  which  goes  from  the  interior  to 
the  surface  cannot  raise  the  temperature  of  the  surface  any  higher 
than  the  thirteenth  part  of  a  degree. 
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MTe  have  another  power  wbich  prodaoet  motion  on  the  raifiiee  of 
the  earth.  I  mean  the  attiaction  of  the  eon  and  of  the  moon  prodndng 
the  tides. 

All  the  other  phenomena  on  the  surface  of  tlie  earth  are  produced 
by  the  radiation  of  tlie  sun,  by  the  sunbeams  ;  and  the  greater  part  of 
those  changes  which  occur  on  the  surface  of  our  earth,  are  Ciuise<l  by 
the  heat  of  the  sun.  As  the  heat  of  the  sun  is  distributed  une([ually 
over  the  surface,  some  parts  of  the  atmosphere  become  heated  more 
than  other  parts ;  the  heated  parts  of  the  atmoqihere  rise  up,  and  so 
winds  and  Yapoun  are  prodnoed.  They  come  down  at  fint  as  elonds 
in  the  higher  parts  of  ttie  atmosphere,  and  then  as  run  upon  the  sur- 
face of  the  earth ;  they  are  collected  as  rivers,  and  go  again  down  into 
the  sea.  So  you  see  that  all  the  meteorological  phenomena  of  onr 
earth  aie  produced  by  the  effect  of  the  solar  beams  by  the  heat  of  the 
sun. 

The  light  of  the  sun  is  the  cause  of  aiioLlicr  iSeries  of  phenomena, 
and  the  principal  products  of  the  light  of  the  sun  are  plants,  because 
I)lants  can  only  grow  with  the  help  of  the  snn-light.  It  is  only  by 
the  help  of  the  sun-light,  that  they  can  produce  the  inflammable 
matter  which  is  deposited  in  the  bodies  of  plants,  and  which  is  extracted 
from  the  rnrhonie  acid  and  the  water  contained  in  the  atmosphere^  and 

in  tlie  earth  iiself. 

This  may  give  you  an  idea  of  the  sense  and  bearing  of  the  general 
principle  on  which  1  purpose  to  speak.  As  many  English  philosopheni 
have  been  occupied  with  worldng  out  the  consequences  of  this  most 
general  and  important  principle  n>r  the  theory  of  heat,  for  the  energy 
of  the  solar  system,  for  the  construction  of  machines,  yon  will  hear 
these  results  better  explained  by  your  own  countrymen  ;  I  shall  abstain 
from  entering  farther  into  this  part  of  the  subject.  At  the  same  time 
ihnt  Mr.  Grove  showwl  tliat  every  force  of  nature  is  cnpable  of  bring- 
ing into  action  every  other  force  of  natnro,  i\Ir.  Joul<\  of  Manches- 
ter, began  to  search  for  the  value  of  tiie  mechanical  equivalent  of  heat, 
and  to  prove  its  constancy,  principally  guided  by  tlie  more  practical 
interests  of  en^neering.  The  first  exposition  of  the  general  principle 
WBs  published  in  Germany  by  Mr.  Uayer»  of  Heilbron,  in  the-year  1842. 
Hr.  Mayer  was  a  medical  man,  and  much  interested  in  the  solution  of 
physiological  questions,  and  he  found  out  the  principle  of  the  conser- 
vation of  force  guided  by  these  physlolofriciil  questions.  At  the  same 
time  also,  I  myself  began  Ut  work  ou  this  subject.  I  published  my 
researches  a  little  later  than  Mr.  Mayer,  in  1845.  Now,  at  first  sitrht, 
it  seems  very  remarkable  and  curious,  that  even  physiologists  should 
come  to  such  a  law.  It  appears  more  natural,  that  it  should  be 
detected  by  natural  philosophers  or  engineen,  as  it  was  in  England ; 
but  there  !■»  indeed,  a  dose  connection  between  both  the  fundamental 
questions  of  engineering  and  the  fundamental  questions  of  physiology 
with  the  conservation  of  force.  For  getting  machines  into  motion^  it 
is  always  nece^snry  to  have  motive-power,  either  in  water,  furl,  or 
living  animal  matter.   The  constructors  of  machines,  instiuments, 
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watehoB,  within  the  kit  oentiuy,  who  did  not  know  the  oonierration  of 
force,  were  induced  to  tiy  if  they  could  not  keep  a  mecMne  in  motion 
without  any  expenditute  for  getting  the  motive  power.  Many  of  them 
worked  for  a  long  time  very  industriously  to  find  out  such  a  machine 
which  woukl  pivo  perj)etual  motion,  and  produce  any  mechanical  work 
which  they  liked.  They  callt d  such  a  machine  a  perpetual  mover. 
They  thougiit  they  had  an  example  of  sucli  a  machine  in  the  body  of 
every  aninml.  There,  indeed,  motive-power  seemed  to  be  produced 
every  day  without  the  help  of  any  external  meehanicnl  force.  They 
were  not  aware  that  eating  eould  be  connected  with  the  production  of 
mechanical  power.  Food  they  believed  was  wanted  ouy  to  restore 
the  little  damages  in  the  machine,  or  to  keep  off  friction,  like  the  fat 
which  made  the  axles  of  wheels  to  run  smoothly.  Now  at  first  by  the 
mathematicians  of  tlie  last  century,  the  so»called  y>rinciple  of  the  con- 
servation of  vis  viva  was  detected,  and  it  was  shown  that  by  the  action 
of  the  purely  mechanical  powers,  it  was  not  possible  to  construct  a 
perpetual  mover ;  but  it  remained  still  donbHul  if  it  would  not  be 
possible  to  do  80  by  the  interposition  of  heat,  or  electricity,  or  chemical 
force.  At  last,  the  general  law  of  conservation  of  &roe  was  dis> 
covered,  and  sti^,  and  establislied ;  and  this  law  shows  that  also  by 
the  connection  of  mechanical  powers  with  heat,  with  electricity,  or  with 
chemical  force,  no  such  machine  can  he  coT)structed  to  give  a  per- 
petual motion,  and  to  produce  work  from  nothing. 

We  must  coiihider  the  living  bodies  under  the  same  point  of  view, 
and  see  how  it  stands  with  them.  JS'ow  if  you  compare  the  living 
body  with  a  steam-engine,  then  you  liave  the  conpletest  analogy. 
The  living  animals  t^e  in  food  that  consists  of  inflammable  sub* 
stances,  fat  and  the  so-called  hydrocarbons,  as  starch  and  sugar,  and 
nitrogenous  substances,  as  albumen,  flesh,  cheese,  and  so  on.  living 
aninial'j  t:ike  in  these  inflammable  substances  and  oxygen  ;  the  oxygen 
of  the  air,  by  respirntion.  Therefore,  if  ynu  take,  in  the  jdace  of  tat, 
starch,  and  sugar,  coals  or  wood,  and  tlie  oxygen  of  the  air,  you  liave 
the  substances  in  the  steam-engine.  The  living  bodies  give  out  car- 
bonic acid  and  water  ;  and  then  if  we  neglect  very  small  quantities  of 
more  complicated  matters  which  are  too  small  to  be  reckoned  here, 
they  give  up  their  nitrogen  in  the  form  of  urea.  Now  let  us  suppose 
that  we  take  an  animal  on  one  day,  and  on  any  day  afterwards; 
and  let  us  suppose  that  this  animal  is  of  the  same  weight  the  first  day 
and  the  second  day,  and  that  its  body  is  oomjiosed  quite  in  the  same 
way  on  both  days.  During  tlie  time  —  thr  interval  of  time — between 
these  two  days  tiie  animal  has  taken  iu  food  and  oxygen,  and  has  given 
out  carbonic  acid,  water,  aud  urea.  Therefore,  a  certain  quantity  of 
inflammable  substance,  of  nutrimoit,  has  combined  with  oxygen,  and 
has  produced  nearlv  the  same  substances,  the  same  combinations, 
which  would  be  produced  by  burning  the  food  in  an  open  fire,  at  least, 
laty  sugar,  starch,  and  so  on ;  and  those  substances  which  contained 
no  nitrogen  would  give  us  quite  in  the  same  way  carbonic  ncid  and 
water,  if  they  are  burnt  in  the  opeo  (ire,  as  if  they  are  burnt  la  the 
Voi^  III.    (No.  34.)  2  B 
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living  body  ;  only  the  oxidation  in  the  living  body  ^oos  on  more  slowly. 
The  albuminous  substances  would  give  us  the  same  substances,  and 
also  nitrogen,  as  if  they  were  burnt  in  the  fire.  You  may  suppose,  for 
making  both  cases  equal,  that  the  amount  of  urea  wiiicii  is  produced 
iu  the  body  of  the  animal,  may  be  changed  without  any  very  great 
development  of  heat,  into  carbonate  of  ammonia,  and  cavbonate  of 
ammonia  may  be  burnt,  and  givee  nitrogen,  water,  and  carbonic  acid. 
The  amount  of  heat  wliich  would  be  produced  by  burning  urea  tnio 
carbonic  acid  and  nitrogen,  would  be  of  no  great  value  when  compared 
with  the  great  quantity  of  heat  which  is  produced  by  burning  the  fat, 
the  sugar,  and  the  starch.  Therefore  we  can  change  a  certain  piTioimt 
of  ff>od  into  carbonic  acid,  water,  and  nitrogen,  either  by  burning  liie 
whole  in  the  open  fire,  or  by  giving  it  to  living  animals  as  food,  and 
burning  afterward:^  only  the  urea,    in  bulk  we  come  to  the 

same  result. 

Now  I  baTe  said  that  tbe  oooservatioii  of  force  for  chemical  pro- 
cesses requires  a  fixed  amount  of  mechanical  woriL,  or  its  equivalent,  to 
be  given  out  during  this  process;  and  the  amount  is  exactly  the  same 
in  whatever  way  the  process  may  go  on.    And  therefore  we  must 

conclude  that  by  the  animal  as  much  work  must  be  done,  nmst  be 
given  out — tlie  same  equivalent  of  mechanical  work — as  by  the 
chemical  process  of  burning.  Now  let  us  remark  that  the  mechanical 
work  which  is  spent  by  an  animal,  and  which  is  given  to  the  external 
world,  consists,  firstly,  in  heat ;  and  secondly,  in  real  mechanical  work. 
We  haTe  no  other  forms  of  work,  or  of  equivalent  of  work,  given  out 
by  living  animals.  If  the  animal  is  reposing,  then  the  wlK»Ie  work 
must  be  given  out  in  the  fiinn  of  heat ;  and  therefore  we  must  conclude 
that  a  reposing  animal  nmst  produce  as  much  hoit  as  would  be  pro- 
duced by  burning  its  food.  A  small  difference  would  remain  for  the 
urea;  we  must  supposo  that  the  urea  produced  hy  the  animal  is  also 
burnt,  and  taken  together  with  the  heat  immediately  produced  hy  the 
aninuil  Itself.  Now  we  have  experiments  made  upon  this  subject  by 
the  French  philosupherii  Dulong  and  Desprez.  They  fuund  that  thase 
two  quantities  of  heat-^the  one  emitted  by  burning,  the  other  by  the 
living  animal — are  nearly  identical ;  at  least,  so  fir  as  could  be  esta- 
blisbed  at  that  dme,  and  with  those  previous  researches  which  existed 
at  that  time.  The  heat  which  is  prod  uced  by  burn  i  ng  the  materials  of  the 
food  is  not  quite  known  even  now.  We  want  to  have  researches  on  the 
heat  produced  by  the  more  comj)licatpd  combinations  whieh  arc  used  as 
food.  Duloii  and  Desprez  have  caleiilnted  the  heat  aeeording  to  tlie 
theoretical  supposition  of  Lavoisier — wliich  supposition  is  nearly  right, 
but  not  quite  right — tlierefore  there  is  a  little  doubt  as  to  the  amount 
of  the  heat,  but  experiments  show  that  at  least  to  tlie  tenth  part  of  that 
heat  the  quantities  are  really  equal ;  and  we  may  hope  if  we  have 
better  researches  on  the  heat  produced  by  burning  tbe  food,  that  these 
quantities  will  also  be  more  equal  than  they  were  found  to  be  by 
Dulong  and  Desprez. 

Now  if  the  body  be  not  reposing,  but  if  muscular  exertion  take 
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pbce,  then  also  mechanical  work  is  done.    The  mechanical  work  ia 

very  f!ifforent  according  to  the  different  kind«  of  muscular  exertion. 
If  we  walk  only  on  a  pl;iiie  surface,  we  must  overpower  the  resistance 
of  friction  and  the  resistance  of  the  air;  but  these  resistances  are  not 
so  great  that  the  work  which  we  do  by  walking  on  a  plane  is  of 
great  amount.  Our  muscles  can  do  work  io  very  different  ways.  By 
the  reNarchea  of  Mr.  Bedtenbacher,  the  director  of  the  Polytechnic 
School  of  Cbrliruhe,  it  ia  proved  that  the  best  method  of  getting  the 
greatest  amomit  of  work  from  a  liuman  body  is  by  the  treadmill,  that 
is,  by  going  up  a  declivity.  If  we  go  up  the  declivity  of  a  hill  we 
T&Ue  tlip  wciprbt  of  otir  own  body.  In  the  treadmill  the  same  work  is 
done,  only  the  miU  goes  always  down, and  the  man  on  the  mill  remains 
in  his  place. 

Now  we  have  researches  on  the  amount  of  air  which  is  taken  in 
and  of  carbonic  acid  given  oat  during  sach  work  in  the  treadmill, 
made  liy  Dr.  Edward  Smith.  He  foond  that  a  moat  astonishing 
increase  of  respiration  takes  place  during  such  work.  Kow  yon  aU 
know  that  if  you  go  up  a  hill  you  are  hindered  in  going  too  fast  by  the 
great  frequency  and  the  great  difficulty  of  respiration.  This,  then, 
becomes  far  greater  than  by  tlie  greatest  exertion  of  walking  on  a 
plain,  and  n^lly  tlie  difficulty  is  produced  by  the  great  mechanical 
work  whicli  is  done  in  the  same  time.  Now,  partly  from  the  experi- 
ments of  Dulong  and  Desprez,  and  partly  from  the  experiments  of 
Dr.  Edward  Smith,  we  can  calculate  tliat  the  human  body,  if  it  be  in  a 
reposing  state,  but  not  sleeping,  consumes  so  much  oxygen,  and  bums 
so  much  carbon  and  hydrogen,  tliat  during  one  hour  so  much  beat  is 
produced  that  the  whole  body,  or  a  weight  of  water  equal  to  the  weight 
of  the  body,  would  be  raided  in  temperature  one  dejrrop  and  two- 
tenths  centiprmde  ^two  degrees  and  two-tentlis  Fahrenheit).  Now 
Dr.  E<iwarci  f^inith  found  that  by  going  in  the  treadmill  at  meh  a  rate 
that  if  he  went  up  a  hill  at  the  same  rate,  he  would  have  risen  during 
one  hour  1712  feet,  that  during  such  a  motion  he  exhaled  five  timea 
as  much  carbonic  acid  as  in  tlie  quiet  state,  and  ten  times  as  much  as 
in  sleeping.  Therefore  the  amount  of  respiration  was  increased  in  a 
meet  remarkable  way.  If  we  now  calculate  these  numbers  we  find  that 
thf  quantity  of  heat  which  is  produced  dnrinnr  one  liour  of  re^wse  ij5  one 
degree  and  two-tenths  ceiitifj;i;iile,  and  tliat  tlnsc  are  nearly  equivalent 
to  rising  1712  feet,  so  tliat  tlierefore  the  auioniit  of  mechanical  work 
done  in  a  U'eadmili,  or  done  in  ascending  a  hill  at  a  good  rate,  is  equi- 
valent to  the  whole  amount  of  heat  which  is  produced  in  a  quiescent 
state.  The  whole  amount  of  the  decomposition  in  the  living  body  is 
five  times  as  great  as  in  a  reposing  and  wakeful  state.  Of  these  five 
quantities,  one  quantity  is  spent  for  mechanical  work,  and  four-fiAIis 
remain  in  the  form  of  heat.  Always  in  ascending  a  hill,  or  in  doing 
prent  mechanical  work,  you  become  hot,  and  the  production  of  heat  is 
extremely  great,  as  you  wdl  know,  without  making  jKirticuiar  ex]>cri- 
mcnts.  Hence  you  see  how  nmch  the  <1<  composition  in  the  body  is 
incri^&ed  by  doing  really  mechanical  work. 
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Now  these  meararementt  eive  us  another  analogy.  We  see  that  in 
aioending  a  mountain  we  produoe  heat  and  mechanical  work,  and  that 
the  fifth  part  of  the  equivalent  of  the  work  which  Ic  produced  by  the 
chemical  prooeee  is  xeaUy  gained  as  mechanical  work.  Now  if  we  take 
our  steam-engine,  or  a  hot-air  engine,  or  any  other  engine  wliich  is 
driven  by  lieat  in  such  a  way  that  one  body  is  heated  and  exp.mds, 
and  by  the  expansion  other  bodies  are  moved,  —  I  m\\  \f  we  take  any 
thermo-dyrmmie  engine, we  find  that  the  gri-ittst  aniount  uf  mechanical 
work  which  can  bo  gained  by  chemical  decom position  or  chemical  coin- 
bination  is  only  au  eighth  part  of  the  equivalent  of  the  chemical  force, 
and  seven-eighths  of  the  wliole  are  lost  In  the  form  of  heat ;  and  this 
amount  of  mechanical  work  can  only  be  gained  i£  we  have  the  greatest 
difference  of  temperature  which  can  be  produced  In  such  a  maelkine. 
In  the  living  body  we  have  no  great  difference  of  temperature  ;  and  in 
the  living  body  the  amount  of  mechanical  work  which  could  be  gained 
if  The  liviiinr  body  were  a  thermo-dynfAfnio  en^jine.  like  the  steam-engine 
or  the  hot-air  engine,  would  be  much  sni:iller  tlian  one-eighth.  Keally, 
we  hud  from  the  great  amount  of  work  done,  that  the  human  body  is 
ia  this  way  a  better  machine  than  tiie  steam-engine,  only  its  fuel  is 
more  expenrave  than  the  fuel  of  steam-engines. 

There  Is  another  machine  which  dianges  chemical  force  Into 
mechanical  power;  that  is,  the  magneto-eleetric  machine.  By  these 
magneto-electric  machines  a  greater  amount  of  electrical  power  can  be 
changed  into  mechanical  work  than  in  our  artificial  thermo-dynamic 
machines.  TV"e  produce  an  electric  current  by  dis^lving  zinc  in 
sulphuric  acid,  and  liberating  another  oxidizable  matter.  Generally  it 
is  only  the  difference  of  the  attraction  of  zinc  for  oxygen  compared 
with  the  attraction  oi  copper  or  nitrous  acid  for  oxygen.  In  the 
human  body  we  burn  subbtaaces  which  contain  carbon  and  hydrogen, 
and  therefore  the  whole  amount  of  attraction  of  carbon  and  hydrogen 
for  oxygen  Is  put  into  action  to  move  the  machine ;  and  in  this  way 
the  power  of  the  living  body  is  greater  and  more  advantageous  than 
the  power  of  the  magneto-electric  machine. 

Let  us  now  consider  what  consequences  must  be  drawn  when  we 
find  that  the  laws  of  animal  life  agree  with  the  law  of  the  conservation 
of  force,  at  lenst  as  far  as  we  can  jud^e  at  present  regarding  this  sub- 
ject. As  yei  we  cannot  prove  that  tlie  work  produced  by  living  bodies 
is  an  exact  equivalent  of  the  chemical  lorces  which  hjive  been  set  into 
action.  It  is  not  yet  possible  to  determine  the  exact  value  oi  luher 
of  these  quantities  so  aconrately  as  will  be  done  ultimately  ;  but  we 
may  hope  that  at  no  distant  time  It  may  be  possible  to  determine 
this  with  greater  accuracy.  There  is  no  difficulty  opposed  to  this  task. 
Even  at  present  I  think  we  may  consider  it  as  extremely  probable  tliat 
the  law  of  the  conservation  of  force  liolds  good  for  living  bodies. 

Isow  we  may  ask,  wlmt  follows  from  this  &ct  as  re^gards  the 
nature  of  tlie  forces  which  act  in  tlie  living  body  ? 

Tlio  majoritv  of  tlu  pliysioiogists  in  tlie  last  century,  and  in  the 
beginning  oi  iWis  century,  were  of  opinion  that  tiie  process  iu  living 
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bodies  were  determined  by  one  principal  agent  which  they  chose  to 
call  the  *'  vital  principle.*'  The  physical  forces  in  the  living  body  they 
8uppo<efl  could  be  suspended  or  again  set  free  at  any  moment,  by  (he 
infiuencr  of  the  vital  principle;  and  that  hy  this  means  this  agent 
could  ])ruilucij  cUaiiges  in  the  interior  of  tiie  bndy,  so  tiiat  the  health  of 
the  body  would  be  thereby  preserved  or  restored. 

Now  the  oooservation  of  force  can  exist  only  in  thoee  ayctemt  in 
whieh  the  forces  in  action  (like  all  forces  of  inorganic  nature)  have 
always  the  same  intensity  and  direction  if  the  circumstances  under 
which  they  act  are  the  same.  If  it  were  possible  to  deprive  any  body 
of  its  gravity,  and  afterwards  to  restore  its  gravity,  thf-n  indeed  we 
should  have  the  perpetual  motion.  F.ef  the  weight  come  down  as 
long  as  it  is  heavy ;  let  it  rise  if  ii>  i^^nivity  is  lost;  then  you  have 
produced  mechanical  work  from  nothing.  Therefore  this  opinion 
titat  the  chemical  or  mechanical  power  of  the  elements  can  be  sus- 
pended, or  changed,  or  removed  m  the  interior  of  the  living  body, 
must  be  given  up  if  there  is  complete  conservatioii  of  force. 

There  may  be  other  agents  acting  in  the  living  body,  than  those 
agents  which  act  in  the  inorganic  wond ;  but  those  forces^  as  far  as  they 
cause  eheTnieal  and  mechanical  influences  irf  the  body,  must  be  quite  of 
the  same  cliaracter  as  inorganic  forces,  in  tins  at  least,  that  their  etfects 
must  be  ruled  by  necessity,  and  must  be  always  the  same,  when  acting 
in  the  same  conditions,  and  that  there  cannot  exist  aiiy  arbitrary  ciiuice 
in  the  direction  of  tlieir  actions. 

This  is  that  fondamental  principle  of  physiology  wluch  I  men* 
tioned  in  the  beginning  of  this  discourse. 

Still  at  the  beginning  of  this  century  physiologists  believed  that  it 
was  the  vital  principle  which  caused  the  processes  of  life,  and  that 
it  detrnrtod  from  tlie  dignity  and  nature  of  life,  if  nTiyho«!y  expressed 
his  hf'lit  f  that  the  hlood  was  driven  through  the  vessels  by  the 
mechanical  action  oi  tlie  heart,  or  tiiat  respiration  took  place  accord- 
ing to  the  common  laws  of  the  dtiiusion  of  gases. 

The  present  generation,  on  the  contrar)',  is  hard  at  work  to  find 
out  the  real  causes  of  the  processes  which  go  on  in  the  living  body. 
They  do  not  suppose  that  there  is  any  other  difference  between  the 
chemical  and  the  mechanical  actions  in  the  living  body,  and  out  of  it, 
than  can  be  explained  by  the  more  complicated  circumstances  and 
conditions  under  which  these  actions  take  place ;  and  we  have  sven 
tliat  the  law  of  the  cxinservation  of  force  legitimizes  this  snpi)o.siiii>n. 
This  law,  moreover,  shows  the  way  in  wiiich  this  fundamcntu.1  question, 
which  has  excited  so  many  theoretical  speculations^  can  be  r^ly  and 
completely  solved  by  experiment. 

[H.H.] 
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WEEKLY  EVENIi^G  MEETING, 
Friday,  AprU  19,  1861. 

Sir  Bodsrick  L  MracHisov,  D.C.L,  F.R.S,  Vioe-FreudeDt, 

in  the  Ciuur. 

JoHV  BoBKiNy  Esq, 

On  Trte  Twigs, 

Thk  .Niieaktii's  purpose  was  to  (  xhibit  the  develupment  of  the  common 
forms  of  brunch,  in  dicotyledonous  trees,  from  the  fixed  tyi)e  of  the 
annual  shoot.  Three  principal  modes  of  increase  and  growtii  might  be 
distinguished  In  all  aceamauitive  change  ;  namely 

let.  Simple  aggregation,  liavioff  no  periodical  or  otherwlM  defined 
lintit ;  aiul  mbject  only  to  laws  of  oohesion  and  erystalUsatioiiy  as  in 
inorganic  matter. 

j!tk1.  Addition  of  similnr  parts  to  each  other,  under  some  law  fixing 
their  limits  and  securing  their  unity. 

3rd.  Enhirgement,  or  systematic  change  in  arranp;eBQent,  of  a  typical 
form,  as  in  the  growth  of  the  members  of  an  animal. 

The  growth  of  trees  eame  under  the  second  of  these  heads.  A 
tree  did  not  increase  in  stem  and  Iwogh  as  the  wrist  and  hand  of  a 
•child  increased  to  the  wrist  and  hand  or  a  man  ;  but  it  was  built  up  hj 
additions  of  similar  parts,  as  a  city  is  increased  by  the  building  of  new 
vows  of  houses. 

Any  annual  shoot  was  most  conveniently  to  be  oousidered  as  a 
single  rod.  which  would  always  grow  vertically  if  possible. 

Every  such  rod  or  pillar  was,  in  commou  timber  trees,  typically 
either  poiygoual  in  riectiou,  or  rectangular. 

If  polygonal,  the  leaves  were  arranged  on  it  In  a  s{rinl  order,  as  in 
the  elm  or  oak. 

If  rectanguhur,  the  leaves  were  arranged  on  it  in  pairs,  set  alter- 
nately at  right  angles  to  each  other. 

Intermediate  forms  connected  oacli  of  tlu'se  types  with  those  of 
monocolyledonous  trees.  The  structure  of  the  arf/or  rifrr  niip:lit  be 
considered  as  typically  representing  the  link  between  tlie  rectangular 
structure  aud  that  of  monocotyledons;  and  that  of  the  pine,  between 
the  polygonal  structure  and  that  of  monocotyledons. 

Eveiy  leaf  during  iu  vitality  secreting  carbon  fiom  the  atmosphere, 
with  the  elements  of  water,  formed  a  oertaui  quanti^  of  woody  tissue^ 
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which  extended  down  the  outside  of  the  tree  to  the  ground,  and 

farther,  to  the  extremities  of  the  roots.  The  mode  in  which  this 
descending  masonry  was  added,  appearod  to  depend  on  the  peculiar 
functions  of  cambium;  and  (the  speaker  believed)  was  as  yet  uaex< 
plained  by  botanists. 

Every  leaf,  besides  forming  this  masonry  all  down  the  tree,  pro- 
tected  a  bod  at  the  base  of  ita  own  stalk.  From  this  bad,  unlen 
rendered  abortive,  a  new  ehoot  woald  spring  next  year.  Now,  suppoe* 
ing  that  out  of  the  leaf^buds  on  each  shoot  of  a  pentagonal  tree,  only 
five  at  its  extremity  or  on  its  sides  were  permitted  to  develope  them- 
selves*  everi  under  this  limitation  the  number  of  shoots  developed  from 
a  single  one  in  the  seventh  year  would  be  78,125.  The  extenml  form 
of  a  lieaUhily-prrown  tree  at  any  period  of  its  development  was  therefore 
composed  ol  a  mass  of  sprays,  whose  vitality  was  approximately  distri- 
batel  orer  tibe  nafoDe  A  the  tree  to  an  equal  depth.  The  branehes 
beneath  at  once  supported,  and  were  fed  by,  this  orbicular  field,  or 
animated  external  garment  of  vegetation ;  from  every  sevenl  leaf  of 
which,  as  from  an  innumerable  multitude  of  small  green  fountains,  the 
streams  of  woody  fibre  descended,  met.  united  as  rivers  do^  and  gathered 
their  full  flood  into  the  strength  of  the  stem. 

The  principal  errors  which  had  been  committed  by  artists  iu 
drawing  trees  had  arisen  from  their  regarding  the  bough  as  ramifying 
irregularly,  and  somewhat  losing  in  energy  towards  the  extremity ; 
whereas  the  real  boughs  threw  their  whole  energy,  and  multiplied  their 
substance,  towards  the  extremities,  ranking  themselves  in  more  or  less 
cup-shaped  tiers  round  the  trunk,  and  Ibrmmg  a  compact  united  sur&oe 
at  the  exterior  of  the  tree. 

In  the  course  of  arrival  at  th's  ff)rm,  the  bough,  throughout  its 
whole  length,  showed  itself  to  be  intiuenced  by  a  ihrce  like  that  of  an 
animars  instinct.  Its  minor  curves  and  atslI' s  were  ail  subjected  to 
one  strong  ruling  tendency  and  law  of  advance,  dependent  partly  ou 
the  aim  of  every  shoot  to  raise  itself  upright,  partly  on  the  necessity 
which  each  was  under  to  yidd  due  place  to  the  neighbouring  leaves, 
and  obtain  for  itself  as  much  light  and  air  as  possible.  It  had  indeed 
been  ascertained  that  vegetable  tissue  was  liable  to  contraction  and 
expansion  (under  fixed  mechanical  conditions)  by  light,  heat,  moisture,  ' 
&c.  But  vegetable  tisstu-  in  the  living  branch  did  not  contrnct  !ior 
expand  under  external  iuliueuce  nlone.  The  print  ij.le  of  life  mani- 
fested itself  either  by  contention  with,  or  fclieituas  recognition  of, 
external  force.  It  accepted  with  a  visible,  active,  and  apparently 
joyful  ooncurreooe,  the  influences  wluch  led  the  bough  towards  its  due 
place  in  the  economy  of  the  tree ;  and  it  obeyed  reluctantly,  partially, 
and  with  distorted  curvatures^  those  which  forced  it  to  violate  the 
typical  organic  form.  The  attention  of  painters  of  foliage  had  seldom 
been  drnwn  with  sufficient  accuracy  to  the  lines  either  of  branch  curva- 
ture, or  leaf  contour,  as  expressing  these  subtle  laws  of  incipient  voli- 
tion ;  but  the  relati\  e  merit  of  the  great  schools  of  fifjure-d^'vign  miirlit, 
in  absence  of  all  oilier  evidence,  be  determined,  almost  without  error, 
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by  observing  the  precision  of  their  treatment  of  leaf  curvature.  The 
leal-paiuting  round  the  head  of  Ariosto  by  Titian,  in  the  ^satiuiiai 
Gallery,  might  be  instanced. 

The  IfiM  thus  difibred  from  the  flower  in  forming  and  pioteeting 
behind  it,  not  only  the  bud  in  which  was  the  genu  of  a  new  shoot  like 
itself,  but  a  piece  of  permanent  work  ;  and  produced  substanoei  by 
which  every  following  shoot  would  be  placed  under  different  circam* 
stances  from  its  predecessor.  Every  leaf  laboured  to  solidify  this 
substance  during  its  own  life  ;  but  the  seed  leil  by  the  flower  matured 
only  as  the  flower  perished. 

This  difference  in  the  action  and  endurance  of  the  flower  and  leaf, 
had  been  applied  by  nearly  all  great  nations  as  the  type  of  the  variously 
active  or  productive  states  of  li&y  among  individuals  or  commonweslthiL 
Chaucer's  poem  of  the  "  Flower  and  Loif "  is  the  most  definite  expres- 
sion of  the  mediseval  feeling  in  this  respect,  while  the  &bles  of  the  rape 
of  Proserpine  and  of  Apouo  and  Daphne  embody  that  of  the  Greeks. 
Tliere  is  no  Gr^k  goddess  corresponding  to  the  Flora  of  the  Romans. 
Their  Flora  is  Persephone,  "  the  bringer  of  death."  Slie  plays  for  a 
little  while  in  the  Sicilian  fields.  *rRthering  flowers  :  then,  snatched  away 
by  Pluto,  receives  her  chief  power  as  she  vanish^  Irom  our  sight,  and  is 
crowned  in  the  grave.  Daphne,  on  the  other  hand,  is  the  daughter  of 
one  of  the  great  Arcadian  river  gods,  and  of  the  earth  ;  she  is  Uie  type 
of  the  river  mist  filling  the  rocky  vales  of  Aresdia ;  the  snn^  pnrsoing 
this  mist  from  dell  to  dell,  is  Apollo  pursuing  Daphne ; — where  the 
mist  is  protected  from  his  rays  by  the  rock  shadows,  the  laurel  and 
other  richest  vc^tation  spring  by  the  river-sides,  ^<>  that  the  laurel-leaf 
becomes  the  type,  in  the  Greek  mind,  of  the  beneficent  ministry  and 
vitality  of  the  rivers  and  the  earth,  under  the  beams  of  sunshine  :  and 
therefore  it  is  chosen  to  form  the  signet-crown  of  highest  honour  for 
gods  or  men  ;  honour  for  work  born  of  the  strength  and  dew  of  the 
earth,  and  informed  by  the  central  light  of  heaven  work  living, 
perennial,  and  beneficent. 

[J.  a] 


WEEKLY  EVENING  MEETING, 

Friday,  April  26,  1861. 

Tub  Dukx  or  Nobthumberlard.  K.G.  F.ILS.  President, 

in  the  Chair. 

PaOF£880A  OWJBK,  F.R.S.,  &c. 
wvujuux  ntornMR  or  nraoiAOT,  b.i. 

On  ike  Scape  and  Applwnces  of  a  NaHonai  Museum  NahmU 

Misiory. 
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ANIJUAL  MEETING, 

Wedoetdaj,  May  1,  1861. 

The  Dujus  of  Noathi  mbekland,  K.G.  F*SLS,  Presideut, 

in  tUe  Chair. 

The  Annual  Heport  of  the  Committee  of  Visitora  for  the  year 
1860  was  read  and  adopted. 

The  statement  of  Sams  Received  continues  to  show  a  gradual 
increase  in  the  yearly  income.  The  amount  of  Annual  Contributions 
of  Members  and  Siibsoribers  in  1860  amounted  to  £2967.  6*.,  the 
Receipts  and  Subscriptions  to  Lectures  were  J^M6.  11#.  6iLi  the 
total  Annual  Income  amounted  to  £-kbO^,  2s, 

On  December 81 , 1860,  the  Funded  Property  was  £27,750. 9$,  Sd.  $ 
and  the  Balance  at  the  Bankers,  £1182.  I2s.  ItL^  with  Six  Exchequer 
Bills  of  £100  each.  There  were  no  Liabilities. 

A  List  of  Books  l*resented  accompanies  the  liej>ort,  amounhng 
in  number  to  38G  volumes ;  making,  with  those  purchased  by  the 
Managers  and  Patrons,  a  total  of  758  volumes  (including  Periodical) 
added  to  the  Library  in  the  year. 

Tlianks  were  voted  to  the  President,  Treasurer,  and  Secrctarv,  to 
the  Committees  of  Managers  and  Visitors,  and  to  Professor  Jb'arudtiy, 
for  their  services  to  the  Institution  daring  the  past  year. 

The  following  Gentlemeo  were  unanimously  eleeted  as  Oflkers 
ibr  the  ensuing  year 

President — Tl»e  Duke  of  Northuuibtirkuid,  K.G.  F.R,S. 
Treasuher — William  Pole,  Esq.  M.A.  F.li.S. 
S£x;a£TARy— Ileory  Beuce  Jones,  M.A.  M.D.  F.R.S. 

Manaqus. 


John  George  Appold,  Esq.  F.R.S. 
The  Rer.  John  Barlow.      A.  F.BA 
John  J.  Bigsby,  M.D.  F.G.S. 
William  Bowman,  Esq.  F.R.S. 
Warren  De  la  Rue,  Rsq.  Ph.D,  F.RS. 
Georpc  Dmld,  Esq.  F,S.A. 
Col.  bir  George  Everest,  C.R  F.K.S. 
John  Peter  Om^  E«|.  F.R.8. 


John  Hall  Oladrtoae.  Bmi.  F1i.D.  F.RJ8. 
Sir  Henry  HoUand, fiwt  M.D.  D.C.L. 

F.R.S. 

Richard  Jennings,  Esq.  M.A. 
John  Labk>ck,  Esq.  F.R.S. 
Ixwis  Fowell,  M  D.  F.S.A. 
The  Lord  Stanley,  M.P.  F.K.S. 
The  Loid  Wensleydale. 
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ViSITOIlS. 


Neil  Arnott,  M.D.  F.R.S. 

George  J.  Boeauqaet,  Esq. 

ArchiMld  Boyd,  Esq. 

John  Charles  Burgovne,  Esq. 

George  Busk,  E>^.  F.R.S.  F.L.S. 

Rev.  Charles  Jolm  Fyues  Clinton,  M. A. 

Bdward  Enfield,  Esq. 

GtMrdon  Wiltoogbbj  Jamfi  GjU,  Esq. 


John  MacDonnell,  Esq. 

Edmund  Macrory,  Esq.  M.A. 

Jamei  Nasmyth,  Esq. 

Henry  Mii '  liin  Noad,  Etq*  P.R.8i» 

George  Stodart,  Esq. 

The  Viscount  Templetown. 

Arthur  Ue  Noft  Walker,  Biq. 


W£EKLY  EVENING  MEETING, 

Friday,  May  3,  1861. 

Xufi  Du&£  OF  NoBXHUMBEKLAND,  K,G»  F.JbLS.  Preudeot, 

AO  the  Chair. 

pROF£SSoa  Faraday,  D.CL.  F.B.S* 
Qfi  Mr.  Warren  De  la  MueU  Phoiogreg^  EdiptB  RumUm, 

The  speaker  commenced  by  drawing  atteotion  to  the  iun  as  the  great 
aource  of  light  and  heat  to  the  planets  of  our  system ;  and  to  the  phe« 
nomena  which  ocenr  froTn  time  to  time  when  the  earth  and  t!je  moou 
are  brought  by  their  orbital  revohitioris  nearly  or  absolutely  in  the 
same  plane.  The  sun,  ciisting  shadows  of  the  moou  and  of  the  earth 
in  an  oj)posite  direction  to  their  illumined  sides,  there  would  always  be 
produced  a  total  eclipse  of  the  sun,  or  the  moon,  when  these  bodies 
were  dtuated  in  the  same  lioe  on  the  same  aide  of  the  nm,  if  the  dia- 
taDces  of  the  earth  or  moon  InFariably  admitted  isi  the  one  filling 
within  the  shadow  of  the  other.  In  conseqaence,  however,  of  the 
elliptical  form  of  the  orbits  of  the  earth  and  moon,  the  distances  of 
these  planets  from  each  other  and  the  sun  are  constantly  varj'ing,  and 
sometimes  the  shadow  of  the  earth  does  not  reach  the  moon,  or  that  of 
the  moon  does  not  reach  the  tarth.  We  might  consequently  have,  in 
tlie  ciise  of  the  sun,  either  a  partial  eclipse  when  the  sun,  moou,  and 
earth  were  not  exactly  in  the  same  plane,  or  au  annular  or  a  total 
eclipse  when  they  were  so  dtoated.  A  total  eclipse  might  be  only  just 
total,  or  be  of  a  shorter  or  longer  duration  as  tiie  apparent  diameter 
of  the  moon  ezeeeded  by  little  or  much  the  apparent  diameter  of  the 
snn  ;  no  edipse  of  the  sun  is  so  great,  however,  as  to  shut  off  the  light 
of  the  sun  from  the  whole  hemisph^  of  the  earth ;  on  the  contrary, 
the  shadow  of  the  moon  can  never  cover  more  than  a  very  small 
ezteut  of  the  earth's  sur£act:.   Ou  the  18th  of  July  of  last  year,  it 
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happened  that  under  unusually  favourable  circumstances  there  occurred 

a  total  solar  eclipse  ;  the  sun  was  nearh'  at  his  ^reat(»st  possible  dis- 
tance from  MS,  and  therefore  had  almost  a  mininiuin  apparent  diameter, 
and  the  iitooii  was  nearly  at  her  least  possible  distance,  and  therefore 
had  a  nearly  maximum  apparent  diameter,  tliat  the  breadth  and 
dumtioii  of  the  total  eelipw  wm  nearly  at  a  maximum  ;  moreover, 
'the  ihadoir  of  the  moon  passed  over  a  eoantiy  easOy  aecotsible  to 
European  astroaomers.  The  speaker,  aAer  pointing  out  tlie  coune  of 
the  eclipse,  from  sun  rinng  in  Greenland,  across  the  Atlantic,  across 
Spain,  the  Mediterranean,  and  Africa,  stated  that  for  a  belt  of  60  miles 
broad,  the  duration  of  the  eclipse  in  Spain  was  fully  three  minutes, 
and  about  three  minutes  and  a  half  in  the  central  line  of  that  belt. 
Such  favourable  circumstances  were  nut  likely  to  occur  again  witliin 

the  probaUe  lifetime  or  opportnnitiee  of  the  obMnrefi,  who  went  oat 
to  Spahi  to  obeenre  the  edipie.  Henoe  the  detebility  of  plados 
before  adentBie  men  the  means  used  by  varioiia  persons  to  recora 
and  measure  the  appearances  visible  at  total  eeUpiee,  with  a  view  to 

fiMSilitnte  the  labours  of  future  observers. 

Curious  and  paradoxical  as  it  might  at  first  appear,  it  is  necessary 
to  shut  out  the  sun  in  order  to  see  it  ;  for  example,  said  tlie  speaker, 
look  Qu  this  electric  light,  could  any  one  conjecture  irom  its  aspect 
what  it  ii?  One  aeee  a  brilliant  eentre  nrnnmded  by  rays,  but  oue 
cannot  eee  the  two  charcoal  points  which  are  producing  it ;  and  if  it 
were  magnified  and  projected  against  a  screen  by  means  of  Imwn, 
although  the  ignited  points  would  be  rendered  evident,  still  there  are 
matters  about  tbein  which  would  remain  invisible.  So  it  is  with  the 
sun;  one  e;ui  so  reduce  his  light,  by  means  of  dark  glasses,  or  other 
contrivances,  as  to  enable  us  to  scrutinize  by  means  of  telescopes  his 
photosphere ;  or  we  might  project  his  image  on  to  a  screen,  and  thus 
examine  it ;  bnt  we  should  not  aee  the  sun,  that  ia  the  whole  sun.  His 
mottled  surfitce,  his  bright  marldnfft,  his  dark  spots  would  ondoubtedly 
be  thus  shown;  but  we  should  fail  to  discern  those  ciuiona  appen^ 
dages  which  were  firrt  observed  a  few  years  back  on  the  occasion  of  a. 
total  eclipse.  These  so-ealled  red  flames,  alwut  the  nature  of  which 
many  conjectures  have  been  made,  are,  as  it  now  appears,  true 
belongings  of  the  sun,  and  are  not  subjective  phenomena,  produced, 
as  some  philosophers  suppose,  bv  a  deilectiuu  ur  diiihictiou  oi  the  sun*s 
light  in  passing  through  the  valleys  on  the  moon's  profile. 

The  object  of  the  speaker  being,  as  before  stated,  to  bring  under 
the  DOtioe  of  the  ISIembers  of  the  Institution,  Mr.  De  la  Rue's  photo- 
graphic results :  he  now  described  the  Kew  Photohdiograph.  A 
photograph  of  the  instrument  and  temporary  observatory,  taken  in 
Spain,  being  projected  on  the  screen  by  the  electric  lamp.  The  helio- 
graph consists  of  a  telescope,  the  tube  of  which  is  square  in  section, 
aud  which  vim  be  made  to  follow  the  sun  accurately  by  means  of  clock- 
work. The  oj^csl  part  consists  of  an  object  glass  (actinically  cor- 
rected), and  a  seoondsiy  combination  of  lenses,  situated  near  the  focoa 
of  the  object  glass,  for  the  purpose  of  magni^^  the  son's  image  to 
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four  inches  in  diametpr.  The  iinaf!;e  so  map-Tiifiod  together  with  posi- 
tion wires  are  depicted  on  the  collodion  })Uite  placed  in  the  telescope. 
In  taking  ordinary  sun  pictures,  or  }iicUires  of  the  partial  piiases  of  the 
eclipse,  the  light  is  allowed  to  act  on  tiie  beusitive  plate  by  the  past^age 
of  a  nanow  aut  in  a  bim  plate  drawn  with  great  lapiditv  acroeB  the 
Beoondary  magnifying  lens.  By  thk  eontriTance,  the  mure  image  ie 
allowed  to  act  for  a  rery  small  naction  of  a  second  of  time.  Thirty- 
ooe  pictures  of  the  various  partial  phafles  of  tlie  eclipse  were  obtained 
in  thi«i  way  by  ISfr.  De  In  Rue  nnd  his  fmsl<;tnnts.  Several  of  the  most 
interesting  were  projected  on  to  {\\v  s<  r*  en  by  means  of  the  electric  lamp. 
The  two  totality  pictures  wlio.  how^  vi  r,  obtained  in  another  way  ;  the 
brass  plate  with  the  slit  was  drawu  a^iide,  and  the  picturt;  oi  the  pro- 
tuberanees  allowed  to  fidl  for  a  whole  minate  on  the  collodion  plate. 
The  tint  pietore  was  procnred  eiactly  ftom  the  commencement  of  the 
totality  and  daring  tiie  minate  precisely  sncceeding  it.  The  second 
pioture  from  about  a  minate  preceding  the  reappearance  of  the  son 
until  just  before  he  reappeared. 

These  pictures  were  shown  on  the  screen  by  means  of  the  electric 
lamp,  and  it  was  seen  that  the  luminous  prominences  extended  for  a 
long  distance  beyond  the  nioon's  dark  limb,  in  the  firet  picture,  some 
prominences  were  completely  detached,  and  were  at  some  considerable 
distance  from  the  moon's  limb ;  these,  in  the  second  ptctore,  were  readied 
by  the  moon,  which  daring  the  interval  had  been  travelling  across  the 
smu's  disc.  Fresh  prominences  had  come  into  view  in  the  second  pio- 
ture on  the  western  limb,  while  some  of  the  prominences  on  the  eastern 
limb       been  shut  off  by  the  moon's  motion. 

The  speaker  then  referred  to  diagrams,  which  had  been  enlarged 
from  actual  photographs,  etched  upon  glass  by  hydrofluoric  acid,  and 
graduated  in  accordance  with  the  data  furnished  by  the  images  of 
pontion  wires  on  the  photographs.  These  diagrams  showed  that  a 
laminons  prominence  situated  at  a  right  angle  to  the  path  of  the 
moon's  motion  across  the  solar  disc  had  hung  back  in  reference  to  the 
moon's  centre  an  angular  distance  of  al)out  5^",  while  prominences 
situated  in  the  direction  of  the  moon's  path  had  not  shifted  angularly, 
but  were  covered  and  uncovered  to  an  extent  of  about  93"  during  the 
period  of  totality.  Such  results  were  in  accordance  with  the  hypo- 
thesis that  the  prominences  belong  to  the  sun,  and  opposed  to  the 
theory  that  they  are  sabjeetive  phenomena  produced  by  the  deflection 
of  the  son's  light 

In  order  to  render  evident  the  relative  positions  of  the  whole  of  the 

Srotaberances  visible  during  the  eclipse,  attention  was  drawn  to  a 
iagram  enlarged  from  ati  etched  photograph  of  the  sun,  on  which  were 
etched  also  the  protuberances  visible  in  the  fin<t  and  second  totality 
— I)li()t.u<ira]ilis  which  coincided  exactly  when  sujierposed  in  respect  of 
th(^e  parts  visible  in  both.  It  was  seen  on  the  diagram,  that  in  con- 
sequence of  Rivabellosa  not  being  eiactlv  in  the  centre  of  the  shadow 
path,  the  moon's  centre  was  depressed  below  the  sun's  centre,  and  thus 
at  the  nearest  approach  of  the  two  centres  they  were  distant  about  14". 
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This  had  the  effect  of  rendering  visible  a  iittk  mure  of  the  prominences 
on  the  northern  limb,  and  of  shutting  off  a  portion  on  the  southern 
Uuib  of  the  sua. 

Tho  speaker  drew  atteoUon  to  tbe  heights  of  many  of  the  pro* 
minenees ;  to  the  eireamstaace  of  their  brilliancy  in  some  cases  being 
greatest  in  l^ose  parts  nearest  the  sun,  while  in  olben  tbe  brightest 

part  was  on  that  edge  most  distant  from  the  sun.  One  prominence, 
upw!^rfls  of  70,000  miles  disiant  from  the  sun's  limb,  was  particularly 
pointed  out — this  had  not  been  seen  by  human  eyes,  but  there  was  its 
image  fixed  and  recorded  by  the  heliograph  in  both  (he  pictures. 
Photograpiiv  could  tlierefore  render  evident  to  us  phenomena  of  the 
stin  which  the  human  m  coald  not  discern ;  and  here  we  had  another 
of  the  many  proofs  of  the  importance  of  varying  our  means  of  observa* 
tion.  This  prominence  waK  not  the  less  real  because  we  could  not  see 
it ;  it  existed  and  emitted  a  radiant  force  ;  invisible  it  was  true,  but  still 
nevertheless  a  force,  and  even  possibly  a  greater  chemittil  force  than 
that  of  tlie  visihlf  prominences.  In  order  to  render  this  apparent,  a 
spectrum  was  produced  by  means  of  tlie  electric  light  and  projected  on 
to  a  collodion  plate  recentl)^  made  sensitive,  and  placed  iu  full  view  of 
the  audience ;  during  the  thirty  seconds  of  exposure,  marks  were  made 
by  scratching  through  the  collodion  film  to  indicate  tiie  position  of  red, 
yellow,  green,  and  violet  bands ;  on  developing  the  picture  and  pro- 
jecting the  image  on  to  the  screen,  it  was  seen,  by  reference  to  the 
scratches,  that  n\>  to  the  violet  band  very  little  effect  had  becii  ]>ro- 
duced,  but  liiat  tiie  invisible  rays  beyond  the  violet  had  produced  a  very 
intense  image,  to  an  extent  equal  to  the  breadth  of  the  visible  spectrum, 
consisting  of  several  well-marked  bauds  of  varying  intensity. 

The  speaker  now  drew  attention  to  the  corona :  on  Mr.  De  la  Rue's 
photographs  the  corona  to  some  extent  was  visible,  but  recoufse  was 
had  to  a  photograph  of  a  drawing  showing  the  whole  phenomena,  which 
was  also  projected  against  the  screen.  It  was  pointed  out  that  observa- 
tion" in  Sp;un  had  proved  that  the  coroim  polarized  liglit.  aTul  ns  light 
coming  direct  from  a  luminous  body  is  not  polnri/fd.  but  that  after 
retiectiou  it  is  so;  the  fact  of  polarization  temivJ  lo  that  the 

corona  must  be  a  cousequeuce  of  an  atmosphere  around  tlie  sun  leliecL- 
ing  the  sun's  light. 

The  speaker  concluded  by  drawing  attention  to  some  phenomena 
connected  with  the  sun*s  spots,  their  rotation,  the  sudden  bursting  out  of 
«a  brilliant  light  observed  by  two  astronomers  distant  from  each  other ; 
and  also  to  a  curious  foliated  appearance  in  the  smt*s  sy>ots,  observed  by 
iSFr.  Nasmyth.  What  are  these  vast  masses  wiiieh  reach  to  such 
enormous  distances  beyond  the  sun,  as  we  sec  him  under  ordinary  cir- 
cumstances? One,  we  perceive,  extends  nearly  as  far  from  the  sun  as 
three  times  the  entire  circumference  of  the  earth,  and  another  is  sua- 
pended  away  from  the  sun's  limb  about  once  that  distance !.  Modem 
science  places  at  our  disposal  methods  of  determining  the  nature  of 
some  of  the  constituents  ft  the  sun's  atmosphere,  with  a  degree  of  cer* 
tainty  equal,  perhaps,  to  any  of  our  laboratory  methods,  could  we  bring 
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away  a  sample  and  finnlyse  it  by  cliemicRl  means.  Employing  the 
principles  and  metliudji  ul  liunsea  and  Kircldiuii,  which  rrofessor  lios- 
ooe  recently  brought  under  our  notic§,  might  we  not,  suggested  the 
Boeakeri  on  the  occamoD  of  another  solar  eelipse  give  aome  answer  to 
this  question,  and  add  another  proof  of  the  reality  of  these  pfomioenoes 
by  revealing  something  as  to  the  nature  of  their  constitoent  particles. 

Lastly,  there  was  exhibited  a  photograph  of  the  raoonj  obtained  by 
Mr.  De  la  Rue  at  his  own  observatory,  for  the  double  objj'ct  of  showing 
the  great  beauty  and  perfection  of  tiie  pictun^,  and  in  illustration  of 
the  light  and  shadow  being  diflerent  in  proportiou  from  tiie  visible 
image,  in  consequence  of  the  actinic  force  of  the  light  reflected  by 
dtflmit  parts  of  the  moon  not  aooordiag  precisely  with  its  luminosity. 

[M.  F.] 


GENERAL  MOJSTiiLY  MEETING, 

Monday,  May  6, 1861. 

Su  HsintT  Hou«Aii]>,  Bart.  F.R.S.  M.D.  Vice-President, 

in  the  Ciuiir. 

The  Hon.  Lieut.-Gen.  Thomas  Asliburnham,  C.B. 
Lieut.-Colonel  W.  MacGeoige,  and 
William  Keid,  I  juq. 

were  elected  Members  of  the  Royal  Institution. 

IT.R.H.  The  Count  of  Paris, 
H.R.H.  The  Duke  of  Chartres, 

Stej)hon  rT(M>dfellow,  Esq.  M. A.  and 
Alexauder  Mackintosh,  Esq. 

were  adnuUed  Members  of  the  Royal  Institution. 

The  iuUowiug  Professors  were  re-elected  : — 

WUiLEAM  Thomas  Brandk,  Esq.  D.CX.  F.ii.S.  Hon.  Professor 
of  Chemistry. 

JoHH  TnrDAiA,  Esq.  F.R.$.  Professor  of  Natural  Philosophy. 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same :  viz. 

FttOM 

Actuaries^  IngtiiuU  qf-^Amttnooe  Msgsnne^  No.  48.  8td.  1661. 

Anofiijmou* — ^The  Squire :  a  Biographical  Sketch.    l6mo.  1861. 
Arta^  Socieftf  r/— Journal,  Apnl  18tU,  8va 
Atialic  Sociritj  of  Bemal — Jounial,  No.  279.    8vo.  18G0. 
AUrtmomical  Society^  Jtoual — Monthly  Notices,  March  1861. 
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Chemical  SocieU — Jouraal,  No.  53.    8vo.  I8GL 

€J^ffcrdy  J&.  tA— fluniel  How'i  Sermoo  on  the  Sufficiencj  of  the  Spirit's  Teach- 
ing withoTi  t  Human  LflUBing :  fint  pabUtbed  in  1689.  With  a  Sketeh  of  bui 
life.    16to.  1S36. 

EMtm—kmeinaKn  JommI  of  fldgnee,  by  B.  flilliiiwii,  Ac  tor  Aptil 

Artiun  for  April  1861.  4to. 

Athemoum  for  April  1861.  4to. 

Chinaica.1  News  for  April  1861.  4to, 

Engineer  for  April  1861.  to\. 

Horclagical  Journal,  No.  32.    8vo.  1861 

Joornai  of  Gaft-I^hting  for  April  1861.  4to. 

Medttmci^  MagMUie  ibr  April  1861.  dm. 

Medical  Circular  for  April  1861.  8Ta 

Practical  Meclmnie's  Journal  for  April  1861.  4l0w 

bt  James's  Magai^iue,  No.  26.    8vo.  1861. 
Faradatf^  Profeuor^  D.C.L,  i^JI.&— Momtoberiehte  d«r  Acadaniie  der  Wioai- 
achnften  ziT  Berlin:  Register  18.1  n  «vo  isno. 

Iinperial  At^emj  of  Vieima ;  SitzungBberichte,  Math-Nat  Cla^,  186U.  No. 
99-96.  Svo.  1860. 
fViuiA/ta /mftlttte  ^  Praniy/L-ania— Journal,  Vol.  XLII.  No.  3.   8vo.  1861. 
0«oj7m;)^icaZ  SocfWy,  iJoyoi— Proceeding?!,  Vol.  V.   No»  I.    Svow  1861. 
GeUoyical  Soi  ittv — Proceeding  April  1861.  8vo. 

Glod^oae,  Joku  Hall,  Etq  Ph.  D  F.R.S.  if  /?./.— Report  of  the  Commiasioiien 

npiiointed  to  inquire  into  the  Condition  and  Management  of  Lights^  Bnoya, 

and  Beacons:  with  Appeudiz,  &c   2  vols.   foL  1861. 
CfrwurilU,  A,  B,  J£D,  P.R.S,  (ike  Author}— On  Propagation  in  Females  of  the 

Industrial  Classes  in  the  Metropolis.    8vo.  1861. 
Berhert,  the  Lord^  Secretary  ofRtnfr  for  War — Report  of  the  Explosion  of  Gnn- 

jj^wder  by  EleclriciU'.    By  C.  VVheatsione  and  F.  Abel.    fol.  1861. 
MofUeulUral  Society  o(^Zon</on— Proceedings,  Nos.  23,  24.   8vo.  1861. 
«Anm^  H.  Bence,  MLD.  F*M.S,  Stc,  BJ,  (<M  .^mAsry^n  Sugar  in  tho  Urine. 

8to.  1861. 

Lumean  Society— Transactions,  Vol.  XXITI.   Part  1.   4to.  1861. 

Proceedings,  ?Jo.  19.    8vo.  I8t,0. 
fj^he,  JohHy  Etq.  {the  Anthor) — Polar  Explorations:  a  Lecture.    8vo.  1861. 
J^ngman^  WiUi'xm,  Esq.  M.Ii.I.  {the  Author) — Suggestions  for  the  Exploration  of 

Iceland.   8to.  1861. 
£Moch,  JJm.  Esq.  F.R.S,  M.R.I,  (the  A  nth  or  )-0n  the  G«Demti¥«  Orgavof 

the  Annulosa.    8vo.    1861.    (Pruceediugs  U.S.) 
Mfatkie^  S.  J.  Eaq.  F.G.S.  (the  EdUory-The  Geologist,  April  1861. 
^emtom,  ifnsrjt.— London  Journal  (New  Series)  for  April  1861.  Stow 
Photographic  Society— Jounnlj  Vo.  lOB.    8vo.  18f^l 

Petermatw,  A,  Etq.  {the  Editor) — Mittheilungen  aul  der  Oenmmtgebiete  der 
Geographie.    1861.   No.  9.   4to.  1861. 

Sndeti/  of  ZonJoH— Proceedings,  No.  43.    8vo.  1861. 

St.'  Bartholomew' »  HmpUal,  the  Governon  o^— Statistic^  Tables  of  St.  Bartholo- 
mew's Hospital,  I860.    By  G.  N.  Edwards.   8vo.  1861. 

Uptal  Royal  Society  Sciencef— Nova  Aota.  8^  Series.  VoL  I.  et  II.  4lo. 
1855-8.    Arsskrifl  I.    8vo.  \my 

Vpton^  W.  Em.  {the  AuUtor) — The  Japetic  Philosophy,  and  l^bysiogiyphics  or 
Natural  Philology.  Svo.  1861. 

WiUon,  Tlomas,       3f.i?./. -C.  Follbiook,  OH  Wet  andDrySeaaoneof  England* 

1846  to  1800.    8vo.  1861. 
YorkMhire  Philosophical  6oaWy— Annual  Report,  I860.  8vo. 

Samwell,  Francis  B.  Es^j.  3/.^./.— Ancient  Eg^tiao  Inaeriptioo,  cat  in  cballu 
Ancient  Greek  Inscription,  cut  iu  sandstone. 
A  Fine  Specimen  of  Native  Crystallized  Carbonate  of  Lead. 
A  Good  ajpeMnen  of  Cryatalliaed  Snlplraret  of  Lead. 
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WEEKLY  EVENINa  MEETING, 

Friday,  May  10,  1B61. 

TiiE  Dukj:  of  NobthumbeulanD;  K.G.  F.H.S.  PresuleDt, 

in  the  Chair. 

William  Soovsll  Savort,  Esq.  F.E.S» 
Oil  lAe  EdaiUm  if  the  VtgtUMt  and  Animal  to  the  Inorganic 

Ki/iydoM* 

After  Bome  introductory  remarks  to  show  that  Plants  and  Animalsy 
when  viewed  in  the  relation  in  which  they  stand  to  Inorganic  substances, 
may  fairly  be  regarded  as  together  constituting  one  great  kingdom  of 
nature — the  organized,  the  speaker  proceeded  to  consider  the  relation 

of  organized  to  inorpr^^'iic  bodies,  in  structuro,  in  composition.  r\fi<l  in 
function.  He  challfMi|_';<  1  the  truth  of  the  cell  doctrine,  ami  as<*  i lt  d 
that  its  leading  propusiiionii  were  not  tenable.  Not  only  are  some  of 
the  simpleiit  tii»$ue.s  of  the  most  complex  plants  and  animals  formed  with- 
out the  ddect  agency  of  cells,  but  also  that  elaborate  tissue,  striated 
muscular  fibre.  He  referred  to  the  common  Amoeba  or  Proteus,  as 
an  example  of  a  living  form,  simpler  than  an  unicellular  organism, 
inasmuch  as  it  exhibits  no  distinction  of  cell  wall  and  cell  contents ; 
and  to  Actinophrys,  as  an  illustration  of  a  structure  apparently  cel- 
lular, produced  hy  sini})le  reticulation  of  a  structureless  aniorphnris 
substance.  A'egetable  cellular  tissue  has  been  gt  iierally  supposed  to 
be  formed  by  the  multiplication  ol  distinct  cells,  but  there  is  better 
evidence  of  its  production  by  a  similar  process  of  reticulation  of  proto- 
plasm. The  simplest  forms  of  life,  and  the  simplesi  tiasoes  of  the 
highest,  reveal  no  difiiBrence  in  structure,— no  distinetioo  of  parts  to  the 
severest  scrutiny,  and  cannot,  therefore,  as  heterogeneous  bodies,  be 
distinguished  from  homogeneous  inorganic  matter. 

Chemistry  draws  no  line  of  demarcation  between  the  organized  and 
inorganic  kingdoms.  All  questions  of  composition  are  of  d^ree  only^ 
not  of  kind. 

Life  constitutes  the  grand  dibtinction.  The  difierence  is  infinitely 
greater  between  living  and  dead  organic  matter  than  between  dead 
organic  and  inorganic  substances.  Without  attempting  to  describe  it, 
life  may  be  distinguished  by  its  effects.  In  life,  when  reduced  to  its 
simplest  terms,  and  separated  from  all  those  elaborate  details  which 
invest  it  in  the  more  complex  forms,  there  exists  a  definite  relation 
i>eiween  destruction  and  renewal,  a  regulated  adjustment  between 
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waste  and  repair  whereby  the  condition  is  maintained^  notwithstanding 
constant  cliange. 

Life  is  not  a  state  of  resistanee.  The  proo&  of  this  are  clear  and 
oomplele. .  Waate  or  deatmetion  is  a  neoessary,  an  inevitable  condttioii 
of  its  manifeetation.   It  ia  inTolved  in  every  vital  act.   And  the  power 

of  compensating  for  this  waste  or  change,  the  repairer  reproduction 
necessary  to  thn  rontinnnnco  of  lifp.  involves  that  of  assimilation, — the 
power  of  converting  foreig;n  matters  into  the  strnctureof  thooigaoism  : 
in  other  language,  the  power  of  appropriating  food. 

We  cannot  conceive  life  without  including  these  two  conditions — 
consumption  and  supply.  Life  is  not  a  state  of  change  only,  as  op- 
posed to  etability ;  for  this  is  simply  a  qnestion  of  degree  evervwhere, 
and  dependent  on  the  conditions  to  which  bodies  are  exposed.  Neither 
dead  otiganie  nor  inorganic  bodies  are  immune  from  change.  Nor  ia 
life  peculiar  as  a  procoss  of  repair  only ;  for  this  mny  occur  in  inor- 
ganic bodies,  ns  crystals,  under  favourable  circunistantes.  But  in  life 
there  is  the  constant  and  concurrent  operation  of  tiiese  two  processes, 
whereby  it  is  distinguished  from  mere  change  on  the  one  hand,  and 
from  repair  on  the  other. 

It  doee  not  appear  that  we  can  at  pfesent  safely  ventnre  further 
than  this.  If  we  attempt  to  define  the  vital  proeeH  of  nntritlon)  dia* 
tinctions  &il  us. 

The  investigation  of  the  phenomena  of  life  has  not  been  in  anyway 
assisted,  our  knowledge  of  the  vital  processes  has  not  been  in  any 
measure  advanced,  by  the  assuniption  of  wlmt  has  been  styled  a  "  vitid 
principle  ;** — an  empirical  term,  wlkich,  lii^e  some  others  when  employed 
in  physiology,  is,  even  at  Hie  best,  equivalent  to  nothing  more  than  the 
final  letters  of  the  alphabet  in  an  algebmicBl  Ibrmola :  Ibr  it  if,  when 
need  ia  ite  least  objectionable  aense^  a  mere  ezpremion  of  something 
unknown.  But  the  assumption  of  sndi  an  agent  or  principle,  how* 
ever  designated,  annihilatinjr  or  siispending  the  operation  of  forces 
acting  elsewiiere,  lias  not  proved  altogether  harmless  in  its  induence 
upon  the  progress  of  knowledge.  By  referring  all  vital  actions  to  this 
obscure  agency,  while  nothing  was  thereby  ^plained,  inquiry  was  to  a 
great  eitent,  and  for  a  long  while,  che&ed.  Many,  daatod  by  the 
idea  that  the  natnfe  of  vitalphenomena  was  exalted  by  tiina  amociat- 
ing  them  with  aome  myaterioos  and  peculiar  principle  apart  fenn,  and 
opposed  to  those  agencies  which  act  elsewhere,  missed  Uie  grander  oon* 
ception,  that  even  in  the  vital  fnnctifm!^  mny  be  recognized  the  operation 
of  forces,  some  of  which,  at  least,  are  common  to  both  kintrdoms  of 
nature;  while,  biitweeii  these  and  others,  whieli  appear  to  be  ])eenliar 
to  living  tissues,  it  is  probable  that  a  relation  may  exist  like  that  which 
prevails  betwen  the  chemical  and  phyrioal  fiwcee. 

Again,  it  ia  needfnl  to  beware  bow  we  create  artifidal  dIstinctioiM. 
Ia  thve  not  mnch  assumption  involved  in  tlio  confession  that  we  ate 
unable  to  oonstmct  the  simplest  form  of  living  tissue  ?  Men  some- 
times  talk  as  if  their  powers  were  limited  only  by  life.  T^nt  can  we 
construct  a  crystal  any  more  than  a  nucleated  cell  We  may  fulfil 
Vol.  IIL   (No.  34.)  2  c 
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certain  conditions,  under  which,  as  we  have  learned  from  experience, 

crystals  are  formed;  but  what  is  our  slmre  in  the  act  itself?  Tn  like 
mamu  r  we  may  t^ike  a  seed  or  an  egg,  and  place  them  under  cir- 
cumstances in  which  thev  will  develope.  In  either  case  we  are 
acquainted  with  the  uece£>6ary  couditious,  aud  we  i'uilii  them.  We  cau 
do  DO  more. 

The  qieaker  oondiided  with  sonie  remaiki  on  the  fiut  that  the 
tendency  of  advandng  knowledge  is  to  efihoa  the  lines  of  demazcalioii 
which  have  been  hitherto  drawn  between  the  natnial  ' 


WEEKLY  EYENING  MEETING, 

Friday,  May  17,  1861. 

Tun  Dou  OF  NoitTHinwBLAin>,         F.BJ3.  President, 

in  the  Ciiair. 

Pbofessor  J.  Clerk  Maxwell, 
Om  lAe  Z%«ory  of  7%rM  PHmary  Cokmrs, 

The  speaker  commenced  by  showing  tiiat  our  power  of  \  ision  depends 
entirely  on  our  being  able  to  distiiifniish  the  intensity  and  quality  of 
colours.  The  forms  of  viadble  objects  are  iudicated  to  us  only  by 
dillbreneea  in  eolonr  or  biightnew  between  them  and  anneiuidiDg  ob- 
jeets.  To  dassify  and  arrange  these  colome,  to  aaoerlain  tlie  physical 
eondttiona  on  which  the  differences  of  coloured  rays  depend,  and  to 
trace,  as  fiur  as  we  are  able,  the  physiological  process  by  which  these 
different  rays  excite  in  ns  vnrious  sensations  of  colour,  we  must  avail 
ourselves  of  the  united  exporience  of  painters,  opticians,  and  physiolo- 
gislh.  The  speaker  then  ]»nK  eoded  to  state  the  restiltii  obtained  by 
these  three  classes  of  inquirers,  to  explain  their  apparent  iocon&isteacy 
by  meana  of  Yonng^  Theory  of  Primary  Cdooii,  and  lo  daacribe  the 
teats  to  whidi  he  had  snbieeied  thai  theorv. 

Painters  have  stndied  the  reUtioDS  of  ootours,  in  order  to  imitate 
them  by  means  of  pigments.  As  there  are  only  a  limited  number  of 
coloured  substances  adapted  for  painting,  while  the  number  of  tints  in 
nature  is  infinite,  painters  are  obliged  to  produce  the  tints  they  require 
by  mixing  their  pigments  in  proper  projxirtions.  This  leads  them  to 
regard  these  tints  as  actually  compounded  of  other  colours,  correspond- 
ing to  the  pure  piffmenti  in  the  mixture.  It  is  foond,  that  by  nsing 
three  pigroenta  only,  we  can  prodnee  all  eolooie  lying  within  certain 
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limits  of  intensity  and  purity.  For  instance,  if  we  take  cannine  (red), 
chrome  yellow,  and  iiltmmfirine  (bine),  we  gpt  by  mixing  the  carmine 
and  the  chrome,  all  varieties  of  orange,  p;\s8iiig  tlirough  scarlet  to 
criiiiHon  on  the  one  side,  and  to  yellow  on  the  other  ;  by  mixing 
chrome  and  ultraiuariiie  we  get  ail  hues  of  green  ;  and  by  mixing 
taltramaiiiie  with  carmine,  we  get  aU  hnM  of  purple,  fram  violet  to 
BuniTO  and  ciimaon.  Now  then  are  all  tho  etfoqg  oaloma  that  we 
eyer  see  or  can  imagine ;  all  others  are  like  theM,  only  lest  mue  in 
tint  Our  three  colours  can  be  mixed  so  as  to  form  a  -Deutial  grey ; 
and  if  this  grey  be  mixed  with  any  of  the  hues  produced  by  mixing  two 
colours  only,  all  the  tints  of  that  hue  will  be  exhibited,  from  the  pure 
colour  to  neutral  grey.  If  we  could  a^umc  that  the  colour  of  a  inix- 
ture  of  different  Idnds  of  paint  is  a  true  mixture  ui  the  culuun^  of  the 
pigments,  and  in  the  same  proportion,  then  an  analyns  of  colour  might 
be  made  with  the  same  ease  ai  a  chemical  analysis  of  a  mixtmre  of  sub- 
■tances. 

The  colour  of  a  mixture  of  pigments,  however,  is  often  very 
different  from  a  true  mixture  of  the  colours  of  the  pure  pigments.  Tt 
is  found  to  depend  on  tiie  size  of  the  particles,  a  finely  ground  pigment 
producing  more  effect  than  one  coarsely  ground.  It  has  also  been 
shown  by  Professor  Helmholtz,  that  when  light  falls  on  a  mixture  of 
pigments,  part  of  it  is  acted  on  by  one  pigment  only,  and  part  of  it  by 
another ;  while  a  third  portion  is  acted  on  by  both  pigments  in  sneeession 
before  it  is  sent  back  to  the  eye*  Tbe  two  parts  reflected  Erectly  .from 
the  pure  pipfmcuts  enter  tlie  eye  together,  and  form  a  true  mixture  of 
colours ;  but  the  third  portion,  which  has  suffered  absorption  from 
both  pigments,  is  often  so  considerable  as  to  give  its  own  cliaracter 
to  the  resulting  tint.  This  is  the  explanation  oi  the  green  tint  pro- 
duced by  mixing  most  bine  and  yellow  pigments. 

In  studying  the  mixtore  of  colours,  we  must  avoid  these  sonroes  of 
error,  mtlier  1)^  mixing  the  rays  of  light  themselves,  or  by  combining 
the  impressions  of  colours  wiUun  tbe  eye  by  the  lotation  of  coloured 
papers  on  a  disc 

The  speaker  then  stated  what  the  o})ticians  had  discovered  about 
colour.  White  light,  aeeoiding  tu  Newton,  consists  of  a  great  number 
of  different  Idnds  of  coloured  light  which  cau  be  separated  by  a  prism. 
Newton  divided  these  into  seven  daases,  but  we  now  reoM^nize  many 
tlwwisand  distinot  kinds  of  light  in  the  spectrumi  none  of  wbieh  can  be 
shown  to  be  a  compound  of  more  elementary  rays.  If  we  accept  the 
theory  that  light  is  an  undulation,  then,  as  there  are  undulations  of 
evcp^'  different  |)rriod  from  the  one  end  of  the  spectrum  to  the  other, 
ther<'  are  an  infinite  number  of  possible  kinds  of  light,  no  one  of 
whicli  can  be  regarded  m  conijiouiided  of  any  others. 

i^hysical  optics  does  not  It^d  us  to  any  theory  of  three  primary 
coloun,  but  leaves  us  in  possession  of  an  infinite  number  of  pure  rays 
with  an  infinitely  more  infinite  number  of  compound  beams  of  light, 
each  containing  any  proportions  of  any  number  <n  the  pure  rays. 

These  beams  of  lights  passing  through  tlie  transparent  fnrts  of  the 
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eye,  fall  on  a  sensitive  membrane,  and  we  become  aware  of  various 
colours.  Wq  know  that  the  colour  we  see  depends  on  the  nature  of 
the  light  ;  but  the  opticians  say  there  are  an  infinite  nuinl)er  of  kinds  of 
light;  while  the  painters,  and  all  who  pay  attention  to  what  they  see, 
tell  us  tliat  they  can  account  for  ail  actual  colours  by  ^upposiiig  them 
miztareB  of  three  primary  ooloiin. 

The  speaker  then  next  drew  attentkvi  to  the  physiological  diffienltiei  . 
in  accounting  for  the  perception  of  colour.  Some  have  supposed  that 
the  different  siods  of  light  are  distinguished  by  the  time  of  their  vibra- 
tion. There  are  about  447  billions  of  vibrations  of  red  lifrht  in  a 
second  ;  and  577  billions  of  vibrations  of  green  ligiit  in  the  same  time. 
It  is  certainly  not  by  any  mental  process  of  which  we  are  conscious 
tiiat  we  distinguish  betweea  these  infiniteijiaial  portions  of  time,  aud  it 
is  difficult  to  conceive  any  mechanism  by  which  the  vibrations  could  be 
ooiitited  ta  that  we  ahoald  beoome  coDwioat  of  the  resiilts,  especially 
when  many  rays  of  diibr«Dt  peiiods  of  vibntioii  act  oa  the  auie  put 
of  the  eye  at  once. 

I^ides,  all  the  evidence  we  have  on  the  nature  of  ner\'oii5?  action 
goes  to  prove  that  whatever  be  the  nature  of  the  agent  which  excites  a 
nerve,  the  sensation  will  differ  only  in  being  more  or  less  acute.  By 
acting  on  a  nerve  in  various  ways,  we  may  produce  the  faintest  sensa- 
tion or  the  most  violent  pain  ;  but  if  the  intensity  of  the  sensation  ia 
the  tame,  its  quality  must  be  the  same. 

NoW|  we  may  percdTe  by  oar  eyes  a  fidnt  ved  light  whteh  may  be 
made  stronger  aiid  stronger  till  our  eyes  are  dazzled.  We  may  then 
perform  the  same  experiment  with  a  green  light  or  a  blue  light.  We 
shall  thus  see  that  our  sensation  of  colour  may  differ  in  other  ways, 
besides  in  being  stronger  or  fainter.  The.aeoaation  of  colour,  there- 
fore, cannot  be  due  to  one  nerve  only. 

The  speaker  tlien  proceeded  to  state  the  theory  of  Dr.  Thomas 
Tomig,  as  the  only  theoiy  yMeh  eompletely  reconciles  these  difltoilties 
in  aeooDDting  for  the  peraeption  of  eoloiir* 

Toong  supposes  that  the  eye  is  provided  with  three  distinct  se4s  of 
nerrons  fibres,  each  set  extending  over  the  whole  sensitiTe  surfiioe  of 
the  eye.  Kach  of  these  three  Fvstems  of  nerve*;,  when  excited,  p^ives 
us  a  different  sensation.  One  of  them,  which  gives  us  the  sens;{ti(jn  we 
call  red,  is  excited  most  by  the  red  rays,  but  also  by  the  orange  and 
yellow,  aud  slightly  by  the  viukt ;  another  is  acted  on  by  the  green 
rays,  but  also  by  the  oranse  and  veHowaod  part  of  the  blue;  while  the 
third  is  Mted  on  by  the  l^ue  and  violet  rays. 

If  we  could  excite  one  of  these  sets  of  nerves  witfaoiit  acting  oo 
the  othei8»  we  should  have  the  pure  sensation  OQneqMnding  to  tliat 
set  of  nerv  es.  This  would  be  tmly  a  primary  colour,  whether  the 
nerve  were  excited  by  pure  Or  by  compound  light,  or  eveu  by  tbeaotioo 
of  pressure  or  disease. 

If  such  ex])eriuients  could  be  made,  we  should  be  able  to  see  the 
primary  colours  separately,  and  to  describe  their  appearance  by  re- 
ference to  the  scale  of  colonis  in  the  spectrum. 
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But  we  have  no  direct  consciousness  of  the  contrivance  of  our 
own  bodies,  and  we  never  feel  my  sensation  which  is  not  inliuitely 
-complex,  so  that  we  can  never  know  directly  how  many  sensations  are 
combined  when  we  see  a  colour.  Still  less  can  we  isolate  one  or  more 
■eoaatioiM  bj  ardfioial  meaii8,  §o  that  in  gmnd  when  a  imy  enter*  the 
though  it  iboiild  he  one  of  the  pue  myt  of  the  apeetKniy  it  nwy 
cseite  more  than  one  of  the  three  aete  of  nerreiy  and  thne  piodooe  a 
eompound  sensation. 

The  terms  simple  and  compound,  therefore,*as  applied  to  colour- 
ensation,  have  by  no  meaoB  the  same  meaniiig  as  they  have  when 
applied  to  a  ray  of  light. 

The  speaker  then  stated  some  of  the  consequences  of  Young's 
theory,  and  deseribed  the  tests  to  which  he  had  subjected  it 

1st.  There  are  three  primary  colours. 

2nd.  Every  colour  is  either  a  primary  colour,  or  a  mixture  of 
primary  coloon. 

*8ra.  Four  colours  may  always  be  arranged  in  one  of  two  ways* 
Either  one  of  them  is  a  mixture  of  the  other  three,  or  a  mixture  of  two 
of  them  can  be  found,  identical  with  a  mixture  of  the  other  two. 

4th.  These  rer^nlts  may  be  stated  in  the  form  of  colon r-eq nations, 
giving  the  numerical  value  of  the  amount  of  each  colour  erjteriug  into 
any  mixture.  By  means  of  the  Colour  Top,*  sncli  equations  can  be 
obtained  for  coloured  papers,  and  they  may  be  obtained  with  a  d^ree 
of  accuracy  showing  that  the  colour-judgment  of  the  eye  may  be  ren- 
dered very  perfect 

The  speaker  had  tested  in  this  way  more  than  100  different  pig- 
ments and  mixtures,  and  had  found  the  results  agree  with  the  theory 
of  three  primaries  in  eveiy  ease.  He  had  also  examined  aO  the 
colours  of  the  spectrum  with  the  same  result. 

The  experiments  with  pigments  do  not  indicate  what  colours  are 
to  be  considered  as  primary ;  hot  experiments  on  the  prismatic  speo^ 
trnm  show  that  all  the  colonrs  of  the  spectrum,  and  therefore  all  the 
colours  in  nature,  are  equivalent,  to  mixtures  of  three  colours  of  the  spec- 
trum itself,  namely,  red,  {j;reeii  (near  the  line  mn\  blue  (uear  the 
line  G).    Yellow  wius  found  to  be  a  mixture  oi  red  and  green. 

The  speaker,  assuming  red,  green,  and  blue  as  primary  coUmus,  then 
exhibited  them  on  a  screen  by  means  of  three  magic  lanterns,  before 
which  were  placed  glass  trougiis  containing  respeetiyely  sulphocyanlde 
of  iron,  chloride  of  copper,  and  ammoniated  copper. 

A  triangle  was  tlms  illuminated,  so  that  the  pure  colours  appeared 
at  its  angles,  while  the  rest  of  the  triangle  ^ntained  the  various  mix- 
tures of  the  colours  as  in  Young's  trian^e  of  colour. 

The  graduated  intenaity  of  the  primary  colours  in  different  parts  of 
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t]i(^  spectnim  was  exhibited  by  three  colourtni  images,  which,  when 
superjpoaed  on  the  screen,  gave  an  artificial  representation  of  the  spec- 
trum, 

Tbree  photographs  of  a  ookmred  ribbon  taken  through  the  three 
ooloured  wlatioDs  respectively,  were  introduced  into  Che  camera,  giving 
images  representing  the  red,  tiie  green,  and  the  blue  parts  sepaiately, 

as  tht'v  would  be  seen  by  each  of  Young*s  three  sets  of  nerves 
separately.  Whon  tliosc  were  superjwsed,  a  coloured  image  was 
seen,  winch,  if  tiie  red  and  green  images  had  been  as  fully  photo- 
graphed as  tlie  blue,  would  have  been  a  truly -coloured  image  of 
the  ribbon.  By  finding  photographic  material!  more  sensitive  to  the 
less  refirangible  rays,  the  representation  of  the  oolonrs  of  objects  might 
be  groatly  Improved. 

The  speaker  then  proceeded  to  exhibit  mixtoret  of  the  colours  of 
thp  pure  spectrum.  Light  i^rom  the  electric  lamp  was  passed  through 
a  narrow  slit,  a  letis  and  a  prism,  so  as  to  throw  a  ]MTre  spectnim  on  a 
screen  containing  three  moveable  slits,  throufjh  wiuch  tline  distinct 
portions  of  the  spectrum  were  suffered  lo  pasi*.  These  portions  were 
concentrated  by  a  lens  on  a  screen  at  a  distance,  Ibrniing  a  large, 
uniformly  colo«ired  image  of  the  prism. 

When  the  whole  spectnim  was  allowed  to  pass,  this  image  was 
white,  as  in  Newton's  experiment  of  combining  the  rays  of  the  spec- 
trum. "Wlion  portions  of  the  spectrum  were  allowed  to  pnss  through 
the  moveable  slits,  the  imnpre  was  uniformly  illuminated  with  n  mix- 
ture of  the  corresponding'  colours.  In  order  to  see  these  colours 
beparately,  another  letib  was  placed  between  the  moveable  slits  and  the 
acreen.  A  magniiied  image  of  the  alita  was  thus  thrown  on  the  aoreen, 
each  alit  showing,  by  ita  colour  and  ita  breadth^  the  quality  and  quan- 
tity of  the  colour  which  it  suffered  to  pass.  Several  colours  were  thua 
exhibited,  first  separately,  and  then  in  combination.  Red  and  blue, 
for  instance,  produced  purple ;  red  and  green  produced  yellow  ;  blue 
and  yellow  produced  a  pale  pink ;  red,  blue,  arid  greeu  produced 
white  ;  and  red  and  a  bluisli  green  near  the  line  F  produced  a  colour 
which  appears  very  different  to  ditlerent  eyes. 

The  speaker  concluded  by  stating  the  peculiarities  of  colour-blind 
vision,  and  by  showing  that  the  investigation  into  the  theory  of  colour 
is  truly  a  physiological  inquiry,  and  that  it  requires  the  obaervations 
and  testimony  of  persons  of  every  kind  in  ordier  to  discover  and  ecqtlain 
the  various  peculiarities  of  vision. 

[J,  C.  M.] 
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WEEKLY  EVENING  MEETING, 

Ths  Doxb  of  Nombvicbeelano,  K,G*  F,RJS^  Piendent, 

In  the  Chair* 

Jomi  O.  Wmwoos^  Esq.  M .A.  F.L^. 
■on  raonwHi  tit  woouio/f  tM  m  uuvimrr  or  <iXiwu>t 

On  th€  Metamofphoies  of  Intectt* 

Tub  marv^oofl  in  «U  ages  hat  taken  preaedanea  in  tiie  hmnaQ  mind 
ow  the  everyday  f^Miiomeiia  of  the  lonline  of  eiiaicnce,  and  every 
thing  not  exactly  in  accordance  with  onr  <wiinai7  waaa  baa  baconie 
invaated  with  something  of  the  marvellous.    Hence  tlie  metamoit- 

phoses  sung  by  Ovid  have  been  admired  Rnd  oxtolled  from  the  Roman 
age  to  our  own,  and  old  and  young  alike  enjoy  our  Christmas  panto- 
mime as  much  on  account  of  the  transformations  effected  by  the  wand 
of  iiarleauin,  a^s  fur  the  gorgeous  JACtutry  with  which  tliey  are  ac- 
eompaiuea.  In  nature,  liowevery  tnith  la  atrangir  than  fietion/'  aa 
roaniftrtad  in  the  eitnu^rdinaiycfaaDgeB  of  the  animala  whioh  foraied 
the  subject  of  the  diaeoorM.  To  sappoae  a  creature  existing  at  one 
period  of  its  life  as  an  egg ;  then  as  a  serpent ;  next,  as  burying  itself 
in  the  ground,  and  encasing  itself  in  a  solid  tomb,  in  which  it  remains 
fur  a  time  swathed  up  like  an  Egyptian  mummy,  and  from  which  it 
ultiinately  bursts  forth  a  changed  and  glorious  Ijeing-,  flitting  on 
delicately -constructed  wings  from  flower  to  iiuwer,  would  be  regarded 
aa  the  height  of  imagination  without  the  truth  were  before  na.  And 
yet  theae  are  the  tranafonuationa  which,  year  by  year  and  daj  by  day, 
are  being  effooted  before  our  eyee  in  our  fields  and  gardens. 

There  are  two  leading  operations  to  which  every  living  thing  is 
oonsti\TitIy  subjected — the  taking  in  of  new,  and  the  rejection  of 
already  worked-up  materials.  Breathing  and  exiiuling  are  instances 
of  these  operations,  and  it  is  mainly  owing  to  these  operations  that 
growtli  and  the  accompanving  rejection  of  portions  of  the  animal  frame 
(oonatatnting  what  liaa  been  termed  metamorphoses,  in  their  moat 
atrlking  forms)  are  effeeled.  In  the  vertebiated  animala  the  fleshy 
oovering  is  increased  l>y  constant  depositions,  but  in  animals  encased 
in  an  cxtei^ial  skeleton  there  is  a  restriction  and  obstruction  offered  by 
it  to  their  growth,  and  the  hard  outer  case  must  consequently  be 
periodically  got  rid  of.  And  it  is  this  periodical  "casting  off"  the 
outer  env^pe  which  resulU  in  the  tnmsformations  of  ijisects.  A 
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founiMod^  after  Mi  dinner,  unbattons  his  waittcoal  and  takes  hie  nap. 
usi  theMme  ia  done  by  ineecta.  The  Mutenm  beetle,"  for  eiample^ 
haWng  eaten  all  it  wants,  splits  open  iu  waistcoat  along  the  back,  and 
goes  to  sleep  as  a  pnpa,  creqnng  out  of  its  covering  when  it  essmnes 

the  litial  state. 

The  relations  of  tiic  Crustacea  and  Arachnida  with  the  true  inlets 
was  then  dwelt  iijion,  nud  it  was  stated  that  since  tlie  days  of  Linnaeus 
^wlieu  it  was  supposed  that  the  latter  only  anderweut  transformatioDs) 
it  had  been  discovered  that  equally  striking  changes  of  form  an 
undergone  by  inany  of  the  winj^ess  artieulated  animals  having  arti- 
culated legs.  Even  the  bamade  (after  the  rejection  of  the  old  fimey 
that  it  was  transformed  into  a  goose),  which  had  been  supposed  to  be 
a  mollusc,  had  been  discovered  to  be  subject  to  real  transformations, 
its  earliest  state  proving  its  crustaceous  character,  being  extremely 
active  and  furnished  with  natatory  limbs.  These  changes,  tiret  dis- 
covered by  Mr.  Vaughan  Thompson,  had  been  fully  proved  by  Mr. 
^Darwin,  whose  monograph  on  the  Cirrhopoda  was  one  of  the  most 
masterly  wovka  ever  publisfaed.  In  like  manner  Mr.  Yanglien 
Thompson  was  alao  the  diaooverer  of  the  ehanges  to  which  moat  of 
the  true  Cmstacea  are  subject,  the  eggs  of  crabs,  shrimps,  Ac, 
being  developed  into  minute  transparent  animals,  unlike  their  parents, 
with  long  spines  projecting  from  the  front  nnd  sides  of  their  sliell,  and 
which  swim  about  by  the  assistance  of  a  loii<?  jointed  tail  and  natatory 
limbs,  wliich,  in  a  later  state,  become  reduced  in  size  and  altered  in 
function,  forming  the  foot-jaws  of  the  adult  animals,  the  real  locomo- 
tive limba  being  then  developed,  although  previooaiy  they  only  eaisted 
in  a  mdimenta^  slate  beneath  the  earapeoe  ^  the  yonng  aninmL 

The  centipedes  and  millepedes,  forming  the  class  Myriapoda,  were 
also  subject  to  a  series  of  change,  by  whidi  additional  segments  were 
from  time  to  time  de%'eloped  out  of  the  penultimate  ring  of  the  body, 
to  Nvliich  the  uuine  of  tlie  germinal  sefi^ment  had  been  applied.  At 
each  moulting,  also,  a  fixed  number  of  additionvil  legs  were  developed 
in  double  pairs,  attaciied  to  those  6^;ments,  which  had  been  produced  at 
a  praviona  moiilting.  For  the  moat  aocorate  knowledge  of^ Ihecfaaqgea 
of  thia  class  we  are  indebted  to  the  labomns  of  the  late  Mr.  Geoige 
Newport,  whose  early  death  waa  moch  to  be  lamented  aa  a  great  Im 
to  arieHfle. 

The  speaker  then  passed  on  to  the  true  Insecta,  which  in  their  full 
development  acquired  wings.  The  great  consi]mj)tiou  of  material  here 
takes  place  in  the  lar\'a  state ;  the  perfect  insects  are  rarely  voracious. 
The  gnat,  it  is  true,  stings,  and  takes  food  in  the  shape  of  blood  ex- 
tracted fiom  its  victim,  and  so  some  others ;  but  many  perfect  inaeeta 
have  only  rodimental  mootba,  and  all  thdr  anstenance  bm  been  taken 
in  during  their  anteoedent  caterpillar  atate.  llie  larvm  hatched  from 
one  ounce  of  silkworms'  eggs,  require  1609^ lha.  ipeigjht  of  leaves  for 
their  food  ;  but  as  their  digestive  powers  are  not  so  strong  as  those  of 
tlie  higher  animals,  only  about  771  Ib^.  weip^ht  of  the  pure  leaves  are 
digested,  from  which  1^  lbs.  of  silk  cucoons  are  produced.  A  single 
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silkworm  consumes,  witliin  thirty  days,  about  f>^),0(K)  times  its  primi- 
tive weight;  one  liuudred  worms,  ju8t  Imtchtcl,  weighing  about  oiie 
grain.  In  their  punge  to  the  final  winged  sute,  a  great  difierence  is, 
at  migfat  be  eipeetod^  naniftaled  in  the  aiM  and  condition  of  the 
stomach.  In  the  larva  it  oecapict  nearly  the  whole  of  the  interior  of 
the  body,  bat  in  the  nubseqttent  changes  it  becomes  gradually  reduced 
tn  n  very'  minute  ^vic,  n  bonev-stomaoh  being  developed^  and  becoming 
proportionately  extended  in  size. 

In  the  changes  of  insects  there  are  two  principal  differences  to  be 
observed  ;  some  being  active  during  their  whole  lives,  without  under- 
going any  deathlike  or  inaotive  state  in  their  eziatenee:  wUIit  the 
othen  pan  throng  an  Inactive  pupa  state,  in  whicb  latter  the  mete- 
morphooa  ia  a^  to  be  complete^  the  peilSact  inaeet  being  qoite  onUke 
the  earlier  stages  of  ita  eiisteoee. 

Of  the  former  olfiss,  the  mole  cricket  was  selected  as  one  example, 
and  the  habit  of  the  female  in  burying  its  eggs  in  an  oval  cell  in  the 
soil,  and  ti»e  adaptation  of  the  fore-legs  of  the  parent  to  the  operation 
of  burrowing,  were  described.  The  larva  has  no  wiu^;  but  in  its 
general  ftnn  and  the  atruetore  of  its  legs  it  agrees  with  the  perfect 
Insect  In  the  pupa  state  tlie  radlments  of  wings  aie  developed  in  tlie 
shape  of  sealea  opon  the  bade,  whilst  In  the  perfect  state  the  wings 
are  of  large  «ze,  of  the  most  ddleate  ganze-lULe  teztaxa»  end  which, 
in  order  to  protect  them  from  injury  underground,  are  ci<pnb!c  of 
beirjpr  folded  up  into  a  fan-like  mass,  scarcely  thicker  than  a  large  pin, 
lying  upon  the  buck,  thus  forminp  no  impediment  to  the  subterranean 
progress  of  the  insect.  The  larva  and  pupa  states  of  the  ilragun-iiy, 
end  its  aquatic  predaceous  linbila»  and  the  renuvkable  stroctafe  of  ita 
nxNith,  were  next  described. 

Of  the  insects  wbidi  anderao  a  deathlike  pupa  state,  the  common 
cockchafer  served  as  an  example,  the  larvae  of  which  make  oval  cells 
in  the  ground,  in  which  they  are  transformed  to  inactive  ptipce,  with 
the  limb^  Ij'ng  upon  the  breast.  The  grub?  acquire  their  full  size 
and  undergo  their  pujui  state  at  the  spring  seaiiou  of  the  year,  and  are 
turned  up  in  hundreds  in  the  tillage  of  the  ground  required  at  liuit 
•eason,  forming  a  great  attraction  to  die  rooks,  wlilek  are  to  be  seen 
IbUowing  the  plough  in  search  of  them  aa  It  passes  along,  theur  yonng 
being  then  newly  natohed,  and  moat  ravenous  in  their  demands  for 
food.  Here,  therefore,  we  have  an  exemplification  of  those  *^'Hmx- 
nxHiies"  which  exist  every  where  throughout  nature. 

The  ant-lion,  with  its  funnel-shaped  pit  for  trapping  its  prey — the 
ichneumon  fly,  depositing  its  eggs  in  the  bodies  of  other  insects — the 
humble-bee,  with  its  pollen  brushes  and  pollen  baskets — the  common 
gnat,  with  Ita  boot-like  raft  of  esgs  ficetlng  on  tlie  snrfiMe  of  the 
water—the  chodse  hopper,  with  Its  hooked  jaws  and  ita  two  calches  at 
Its  tail,  by  which  it  is  able  to  concentrate  the  force  for  eflbcting  ito 
spring,  and  the  common  flea,  were  then  described  in  detail  as  to  their 
chanp^es  and  habits,  the  whole  being  illnstnted  with  kige  highly- 
magoihed  iigures. 
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Some  remarks  were  also  made  on  silkwonns,  and  the  disease 
ternieil  Muscardine,  by  which  they  are  destroyed  in  vast  numbers 
iu  the  South  of  France  and  North  of  Italy,  i  hrough  the  breatiiiug- 
porei  at  llie  fUtot  of  the  body  of  tlie  worms,  the  sponilei  or  Mdi  of* 
Tery  mlimto  wliite  fiaigai  are  infaaM*  and  the  devatopniflnt  taidag 
place  within  tlie  worm,  the  Ibi^^  planla  grow  out  through  the 
orifloea  and  segments  in  the  fom  m  white  OMMud.  In  New  Zealand, 
one  species  of  fnngiis  nttacks  an  iindergronnd  species  of  caterpillar, 
and.  w[u  ti  fully  grown,  the  entire  plant  extends  to  the  length  of  &ve 

or  six  inches. 

The  metamorphoses  of  insects  were  most  complete  in  the  Lepi* 
dc^era,  or  scaly-winged  tribes  (butterflies  and  moths) ;  in  the  cabbage 
bnttefflj,  ifft  inelanoe^  out  ef  the  egg  omnee  the  caterplUar,  whieh, 
after  liTing  its  time  of  feasting,  atteches  itself  by  cords  aoross  its  iMidy, 
and  then  asmaes  the  chrysalis  state;  bursting  Ibrtfi  from  tlds,  the 
butterfly  assumes  its  aerial  condition.  No  wonder,  then,  that  poets 
have  seized  upon  this  final  transformation  as  a  striking  simile  to 
express  the  release  of  the  soul  of  man  froui  its  earthly  bondage,  and  to 
typify  it8  passage  through  the  darl^uess  of  the  grave  to  the  bright 
realms  of  happioess  and  heaveu. 

[J.O.W.] 


WEEKLY  EVENING  MEETING, 

Friday,  May  31,  1861. 
The  Loud  Wensleydaub^  Vice-Fresident,  in  the  Chair. 

Dm.  Augustus  Waujui,  F.BJS. 
On  the  Nuiniim  and  ReparaHon  rfNervet, 

[In  cooseqnence  of  Dr.  Waller's  illness,  the  diseonise  was  given  bjf 

Dr.  F.  Bond.] 

Tom  spesker  commence  by  pointing  out  that  a  knowledge  of  the  con- 
ditions by  which  the  structure  and  vitality  of  nerves  were  maintained  in 
health,  and  their  repair  effected  when  injured  by  accident  or  disease, 
was  not  only  of  gr^t  interest  to  the  physiologist,  as  enabling  him  to 
examine  the  distribution  and  functions  of  various  portions  of  the  ner- 
vous system,  with  which  he  must  otherwise  have  remained  unaoauainted ; 
bnt  was  also  of  the  Idgliest  imooftanee  in  a  praetioal  point  of  vi^,  as 
ptoTiding  OS  with  the  meaiw  of  availing  ourseiTes  of  those  oonsenratiFa 
powers  of  the  aaimal  economy  which  medical  science  was  daily  seeking 
more  actively  to  utiluEe.   It  was  not  at  all  impiobable  that  the  praott* 
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cal  applications  which  had  been  founded  on  recent  researches  as  to  the 
reproductive  ])ower  of  bone,  might  be  rivalled  bj  similar  ones  based 
upon  the  reproductive  energy  of  nerve  tissue. 

With  tike  view  of  ospklnioff  the  nature  of  the  meafdusi  wbieh 
Dr.  Waller  had  undertaken  on  ttia  anljeet,  the  ipeaker  gave  a  general 
outline  of  the  skmeture  and  relations  of  the  vaxiona  parta  of  the  nervoaa 
Bjstero,  pointing  out  the  distinction  between  the  nervous  centres  and 
trunks,  and  comparing  the  structure  of  the  more  common  form  of  nerve 
fibre, — the  whit<\  to  a  wax  taper  inserted  in  a  tightly-fitting  cylinder 
of  paper,  of  which  the  wick  represented  the  central  axis  filamenty  the 
paper  cylinder  the  inve&iiny  nerve  sheath^  and  the  wax  the  intervening 
medMUury  MubMkmett  *ke  greu  variety  of  nerve-fihre  d&flfering  from 
the  irhite  in  Ae  abaeooe  of  thia  medoUaiy  anhatanee.  The  atmetm 
of  nerroua  ganglia  was  also  refeired  to,  and  the  lelationa  of  the  cella 
they  contained  to  the  fibres  that  passed  through  them  was  pointed  out, 
as  well  as  the  important  fnct,  first  discovered  by  Sir  C.  Bell,  that  the 
sensory  tibres  of  the  ordinary  spinal  nerves  aione  pass  through  tae 
ganglia,  and  are  conne^cted  with  iitii  cells. 

In  order  to  become  acquainted  with  the  means  by  which  the  nutri- 
tion of  healthy  nenrea  waa  maintained  and  their  injuriaa  xepairedy  it 
waa  neoanaiy  to  atndy  tlie  eAheta  whidi  were  ptoduoed  in  a  nerre 
by  separating  it  from  its  centre.  Fontana  and  Michaelis,  who  vera 
induced  to  examine  the  subject  by  Hunter,  found  that  when  a  nerve 
was  divided  it  reunited,  and  that  new  nerve-fibres  were  produced  at 
the  point  of  the  union.  Neither  they,  nor  subsequent  observers,  how- 
ever, had  paid  any  attention  to  the  lower  portion  of  the  divided  nerve, 
into  the  condition  of  which  Dr.  Waller  was  the  first  to  examine. 
The  resalta  of  hia  reaeaxohea  had  ibown  that  the  ohangea  which  took 
plaee  iiete  were  of  a  moat  Important  ebavaeter,  eonsiating,  in  brief,  of 
a  complete  disorganization  of  the  medullary  substanoe  nerve-fibre, 
which  was  then  gradually  removed,  and  afterwards  re-crented,  whilst 
the  axial  filament  and  investing  membrane  remained  intact.*  Hence, 
if  we  examined  the  tibr^  of  the  lower  end  of  a  divided  nerve  a  short 
time  after  section,  we  should  find  that  they  all  appeared  to  be  under- 
going disorganization,  and  their  medullary  substance  to  be  breaking 
np.  But  if  we  eaamined  it  at  a  mneh  later  period,  the  nenre^breay 
though  rather  amaller  in  she  than  before  section,  would  have  all  the 
appearance  of  being  perfisetly  healthy.  This  fact,  which  Dr.  Waller 
had  first  attributed  to  a  complete  destruction  of  the  old  fibres  and  a 
formation  of  new  ones,  he  wa^  now  satisHed  was  owing  only  to  the 
changes  he  liad  just  mentioned,  that  is,  to  the  regeneration  of  the 
medullary  substance  alone,  and  not  of  ti)e  whole  hbre. 

This  process  of  disorganization  was  accompanied  by  a  complete 
loai  of  Ihnetiona  in  the  nerve,  wUch  were  only  slowly  leoovmd  after 


DUgrams,  iUustisting  tiiese  ^BBges,  ss  well  ss  most  of  the  oflier  ftctti 

aUtided  to  in  the  discoui-bc,  wore  exhibited  ;  and  niicrOiOO|lie  spesfantBS  of  dlSM^ 
gantsed  nerve  were  afterwards  shown  in  the  labrary. 
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the  fibres  had  been  reconstituted  and  re-uintf  d  to  their  central  or^n. 
TUbi  real  loss  uf  iuucLiou  was  to  be  distiiiguished  from  the  apparent 
low  in  which  panlTtis  conritti  $  for  a  motor  nerve  that  wae  paral^fsed 
by  iectkm,  might  itUl  be  stimnlated  to  disebaige  its  fonctioDt  bj  nl« 
vanlam  for  some  days  after  it  had  been  separated  from  iti  centre.  No 
change,  however,  took  place  in  the  fibres  of  the  uj^per  portion  of  a 
divided  nerve.  The  slowness  with  which  the  rejrenerated  nerve  ac- 
quired  its  normal  functions,  was  probably  due  to  the  small  size  and 
imperfect  conducting  power  of  the  new  fibres  in  the  cicatrix. 

Some  of  tiie  results  which  had  followed  from  a  knowledge  of  this 
nroeeai  weie  then  pohited  ont  la  the  first  place,  ve  learned  from  it 
how  ciMntial  the  mednllaij  eubitance  of  the  nenre-fibree  is  to  their 
Titality,  since  its  deitnietioD  and  removal  is  fiillowed  by  a  complete 
abolition  of  their  functions.  Was  it,  it  was  suggested,  that  it  bore  to 
the  le^is  destructible  axial  filament  and  investing  monbraiie  a  relation 
analogous  to  that  which  the  exciting  tiuid  in  a  voltaic  ct  li  does  to  the 
metallic  poles  with  which  it  is  in  contact?  In  either  case,  the  removal 
of  the  white  substance,  or  the  exciting  fluid,  cauiitid  u  loss  of  power, 
which  was  leetored  by  their  renewal.  The  nntritiTe  energy  of  the 
white  sabstanoe,  tlmt  is,  the  facility  with  which  it  underwent  nutritlire 
changes*  was  also  dwelt  upon,  as  indicating  that  it  was  a  source  of 
power,  just  as  the  chemical  activity  of  the  fluid  in  the  voltaic  cell 
r^ulated  its  y>otential  energy.  'I'he  readiness  which  the  fluid  element, 
in  a  voltaic  cell,  exhibits  to  undergo  cht  luical  change,  and  to  enter 
into  new  combinations  is,  to  a  great  (  xteut,  the  gauge  of  the  voltaic 
power  which  the  cell  of  which  it  is  a  constituent  is  capable  of  developing. 
So  the  leadineas  with  which  the  mednllaiy  constitnent  of  the  nerve- 
ftbre  nndeigoes  decomposition,  when  compared  with  the  more  stable 
axis  cylinder  and  investinff  mMnfarane,  which  indicate  a  corresponding 
activity  of  nutrition,  may  be  assumed  to  indicate  that  it  is  in  some  way 
a  reservoir  of  power  for  the  nerve-fibre,  or,  at  least,  that  the  decofn- 
position  which  its  nutrition  involves  is  a  condition  of  the  development 
of  nerve  force  in  the  fibre. 

Another  result  was,  the  facility  with  which  an  application  of  this 
prooess  of  disorganixatioo  had  enabled  ns  to  trsoe  the  distribution  of 
▼arioas  important  nenres.  Thus,  Dr.  Waller  had  been  enabled  it 
to  separate  the  fibica  of  tlie  Rpimil  accessory  nerve  from  those  of  the 
vagus,  and  to  trace  each  of  them  to  their  distribution  in  the  lungs, 
heart,  and  stomach.  It  had  nho  enabled  him  to  determine  the  dire&> 
tiou  of  the  fibrrs  of  the  sympathetic  nerve  in  the  neck.  In  fact,  it 
provided  physiologists  with  a  means  of  tracing  the  course  of  nerves 

Eous  to  that  which  they  had  long  possessed  for  tracing  vessels,  by 
ig  them  with  coloored  fluids.  He  had  tnoed  in  this  way  the 
» distribtttioo  of  the  nerves  in  the  tongue.  Thus,  we  were  pro- 
vided with  a  means  of  research,  the  want  of  which  an  old  anatomist 
(Rusych)  had  expressed,  when  hie  said  that  he  would  have  nothing 
further  to  wish  for  than  to  ii\ject  ncTveSf  as  he  liad  succeeded  in 
Ejecting  blood-vessels.'' 
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The  8|)e<iker  then  referred  to  the  important  conclusions  to  which 
the  knowledge  of  the  functions  of  these  nerves  so  obtained  had  led 
MM.  Claude  Beniard  and  Browo-Sequaid,  and  Dr.  Walleft  moie 
especially  as  to  the  influence  exerted  by  the  tympaihetic  nerve  orer 
the  circulation  in  the  blood-vessels ;  and  he  mentioned  a  most  in* 
terorting  result  which  the  latter  had  quite  recently  discovered,  viz., 
that  a  poweHul  inrtnence  could  be  exerted  on  the  functions  of  the 
heart,  lungs,  stomueh,  &e.,  by  preiiJiure  on  the  vagus  nerve  in  the  neck  ; 
and  that  this  could  be  carried  so  far  as  to  produce  complete  insensi- 
bility. He  considered  this  &ct  to  be  not  <mly  of  much  physiological 
interest,  bat  also  of  mat  practical  importsnocy  as  it  proraed  as  with 
a  new  means  of  prodadng  anaesthesia ;  and  he  also  believed  that  It 
migiit  be  made  very  naefol  in  &ciUtating  the  diagnosis  of  certain 
nervous  affectiong. 

The  resenrchrs  of  MM.  l*hilip])eaux  and  \'ii]pian,  two  French 
physiologists,  which  were  in  continuation  of  Dr.  VV  alb  r's,  had  shown 
that  the  r^enerative  powers  of  nerves  were  even  greater  than  he 
had  mentioned  ;  for  they  had  found  that  a  nerve  could  be  reflenerated, 
though  uneonnected  witti  its  centre,  and  even  when  tnmq^anled  to 
another  part  of  the  body. 

The  speaker  then  referred  to  the  influence  over  the  nntrition  of 
nerves,  which  Dr.  "Waller's  researches  had  shown  their  ganglia  to 
possess,  and  to  the  corroboration  which  they  gave  to  the  tlieorv  of  the 
centrical  action  of  tlie  ganglia  and  of  the  cells  of  which  they  were 
cuniposed.  If  a  nervt}  that  was  attached  to  a  ganglion  was  divided  a 
little  way  from  its  point  of  attachment,  dl  the  fibres  below  the  section 
were  decomposed,  whilst  those  in  connection  with  the  ganglion  retained 
their  healthy  strnctore,  even  though  the  connection  o^f  the  ganglion 
itself  with  the  great  centres  (the  brain  or  spinal  cord)  was  broken  oft 
This  showed  that  the  nT^np;lmn  maintained  and  rep^nlated  the  vitality 
of  the  fibres  which  were  attaclied  to  its  cells.  A  ganglion,  therefore, 
Mas  to  the  fibres  cojinected  with  it  what  a  fountain  was  to  the  rivulet 
that  trickled  from  it,  a  source  of  nutritive  energy. 

In  condnsioo,  he  drew  attrition  to  the  extensive  results  which 
often  flowed  from  very  simple  observatioas,  instancing  the  discoveries 
above  mentioned  which  had  all  more  or  less  followed  from  his  obser- 
vance of  the  simple  fact  that  a  nerve-fibre  when  separated  from  its 
centre  became  disorgnnized ;  and  he  impres<;ed  upon  his  audience  that 
the  knowledge  of  the  functions  of  the  body  in  health  was  the  only  sure 
basis  of  treatment  of  its  derangements  in  disease. 

[A.  W.] 
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Generai  Monihl^  Mmimg.  [Jane  8, 


GENERAL  MONTHLY  MEETING, 


Monday,  June  3,  i86L 
The  BeT.  John  Babjuow,  M.A.  F.B^«  Vice-President,  in  the  Chair. 


The  Secretary  annoniiced  that  His  Grace  the  Presideol  had 
appointed  the  following  Vice-Pre»dent8  for  the  ensuing  year : — 

The  Lord  Wenaleydale. 

The  Lord  Stanley.  M.P.  F.'R.S. 

Sir  Henry  Holland,  Bart.  D.C.L.  D.D.  F.B.S. 

The  Hov.  Jo!in  Ikrlow,  INI.A.  F.R.S. 

John  Peter  (jassiot,  Esq.  F.li.S.  and 

William  Pole,  Esq.  F.B.S.  the  Treasurer 


Frederick  Augustus  Burgett.  Esq. 

John  Dobie,  Esq. 

Henry  Wells  Foote,  Esq. 

William  W.  Gull,  M.D. 

The  I\ev.  Jcihn  Philip  Malleson,  B.A.  and 

John  \V  eiis  VVainwright«  M.D. 

were  deeUd  Members  of  the  Royal  Institutioii. 

Heniy  Alfred  Pitman,  Esq.,  was  aiUmUed  a  Member  of  tbe  Royal 
Institution. 

The  cordial  thanks  of  the  Members  were  returned  to  Sir  Henry 
Holland,  Bart,  for  his  present  uf  1  urty  I'uunds,  being  the  second 
annual  continaatioii  of  hk  Dmiatton  in  1859. 

The  Presents  received  rince  the  last  Meeting  were  laid  on  the 
table,  and  the  tlianks  of  the  Members  returned  for  the  same :  vis. — 

Fbom 

Stertiary  of  S<a/«/or  TToyu-Ool.  8hr  Henty  JsiWt  Imtraetkns  Ibr  tahhig  Meteoro- 
logical Observations.    8vo.  1860. 

Board  Trade  {through  Mr.  E.  A.  Uowriny) — Foarth  Beport  of  the  Goiiiinis> 
sioners  for  the  Exhibition  of  1 85 1 .   8vo.    186 1. 

ArUp  S^utf       Jouroal,  May  1 86 1.  8vo. 

Aibmamieai  Society,  ifiDyoi— Monlbly  Notioei,  April  1861. 
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BawtHan  Aeademy,  Rofal''Sitxminhenchtt;  1860.   Heft  4,  5.  8vob 
Cambridye  Observatory  {the  (%»iMttfi)— AstroBomioal  Obiervalioii^  Vol,  XIX. 

(1852-4).    4to.  1861. 
Cobbold,  T,  S,  {the  Author)— On  tlie  Scope,  Tendency,  and  Value  of  the  Natural 

History  Sciences.    8to.  1860. 
Damcet  Rev.  H.  ,-1.— Dion  Cassias  Nicccus  ;  /'FlinsSpartianus;  Julius  Capitolinus  ; 

iElios  Lampridius ;  Vuicatiua  Uaiiicanus.  Ed.  J.  B.  E^gnatius.  12mo.  Parisiisl 

1544. 

Editors— AxcMTxcajo.  Journal  of  ScaOMt^  bj  Bb  ffiffiilMll,  &C.  tat  Bfsy  1861.  8to. 

Artisan  for  May  1861.  4to. 
Athenujum  for  May  1861.  4to. 
Chemical  News  for  May  1861.  4to. 
Engineer  ffir  Mny  1861.  fol. 
Uoroloffical  Joaiii&l,  r^Ofi.  83,  84.    8to.  1861. 
JonnafofOat-U^ht^ftir  May  1861.  4to, 
Mechanics'  Magazine  for  May  1861.  Svo, 
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EXTRA  £V£NINa  MEETING, 
Monday,  June  3,  1861. 
The  D(7Ke  of  JMojtTHUMBESukNDy  K,G.  PresideDt,  in  the  Chair, 

C.  T.  Ne^^tov,  E<»q. 

UKTUC  W  CLAflOCAI.  AKTIQUlTIfS  AT  TUB  BSITOH  KGBBVM. 

Om  ike  Mausoleum  ef  Malieanmtue* 

TiiE  Ifiaosoleum  was  originally  constructed  about  the  year  b.c.  353, 
in  honour  of  her  husband  Mausolus  and  as  his  tomb,  by  Artemisia, 
Queen  of  Halicamassufl.  Two  Greek  arehiteots,  Satyrus  and  Phiteiis, 
were  eiiii>loyed  on  its  erection  ;  the  most  renow  ned  sculptors  of  the  agr, 
Bryaxis,  Timotheiis,  Leochares,  and  Scopiu?,  were  chosen  to  adorn  it» 
four  sides  with  sculpture  ;  while  a  fifth,  l^ytliis,  executed  the  marble 
quadriga  whieh  surmouDted  It  Several  aathoiB  of  antiquity  have  left 
records  of  the  genetal  character  of  this  building.  Thus,  Pliny  tlatea 
that  it  was,  in  aliape,  a  parallelogram,  the  northern  and  aoathern  sides 
of  which  were,  respectively,  63  feet  long,  while  those  to  east  and  west 
were  somewhat  shorter  ;  that  it  was  surrounded  by  36  columns,  the 
support  of  a  pyramid  of  24  steps,  which  tapered  towards  the  top  ;  and 
that  its  total  altitude  was  140  feet.  In  Martial,  it  is  described  as 
hanging  in  the  air,  in  allusion,  probably,  to  its  peculiar  Rtructure ;  a 
description  which  recalls  to  memorv  the  tale  of  the  Hangitig  Gardens 
of  Babylon.  Lttdan,  in  one  of  lus  Dialogues,  introdoces  Maosdns, 
who  speaks  of  his  tomb  as  rich  in  sculpture  of  men  and  horses  of  the 
ciioioeBt  workmanship  and  material;  and  lastly,  Pausanias  dwells 
upon  the  fact  of  Its  great  size,  and  declares  that  the  Romans  admired 
it  so  much,  thai  they  called  all  subsequent  great  tombs  after  its  namet, 
Mausolea. 

It  is  clear,  then,  that  it  was  of  old  regarded  as  an  edifice  of  singular 
magnificence.  Subsequently  to  the  fall  of  the  Roman  empire,  there 
are  but  scanty  notices  of  it,  yet  these  are  enough  to  show  Inat  it  atill 
existed  intact.  Thus,  in  the  fourth  century,  Gregory  of  Nazianzaa 

alludes  to  it,  as  do  also  Constantinus  Porphyro-Gennetus,  and  Eudoflia 
in  the  tenth  and  eleventh ;  till,  finally,  in  the  twelfth,  Eustathius  says 

of  it,  "  It  was  Jind  is  a  wonder : "  from  which  we  may  reasonably  infer 
that  it  was  at  that  time  standing.  From  this  period  there  is  no  record 
of  it  for  some  centuries,  nor  any  means  of  ascertaining  how  far  it  had 
become  a  ruin,  or  when,  indeed,  tlie  earthquake,  to  which  its  huai 
overthrow  may  be  most  probabfy  attributed,  tool^  place.  In  aj>.  1899^ 
however,  the  Christian  Mghts  of  Rhodes  took  posMirion  of  Halicar- 
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nassus,  and  fortified  it  with  a  citadel,  which  they  called  the  Castle  of 
6t.  Peter,  aiid  Fontanus,  the  historian  oi  the  siege  of  Riiodes,  with 
which  he  was  ooDtemporary,  tells  how  a  Genimn  koight,  lleury 
Schkigdhiih,  oommenced  bnildiDg  this  fortress  out  of  the  nuns  of  the 
tomb  of  Mausolos,  a  fiiet  which,  Mr.  Newton  adds,  is  completely 
confirmed  by  his  own  examination  of  the  present  state  of  the  site. 
It  is  9\so  mentioned  that  this  cjistlp  was  twice  subsequently  repaired 
— first  in  A.D.  1482,  and  again  in  ad.  15*2*2.  Of  tiiis  last  occasion 
and  of  the  discovery  of  what,  Mr.  ^^ewtun,  with  renson,  supposes  to 
have  beeu  the  actual  tumb  of  Mausolus,  a  remarkable  account  has 
been  pabHshed  bj  H.  Gniehardy  In  1681,  who  states  that  he  heeid 
this  story  from  Dalediamp,  the  editor  of  Pliny,  who  reoeived  it  from 
M.  de  la  Tourrette,  who  was  himself  present  at  the  last  demolition  of 
the  Mausoleum,  the  olject  of  which  barbarons  act  was  to  procare 
squared  stone  for  the  construction  of  the  ^^astle. 

Mr.  Newton  read  an  extract  from  tliis  most  curious  narrative,  and 
ex]iri^ss;ed  his  opinion  that  the  gold  ornaments,  &c.,  said  to  have  been 
seeu  by  tiie  kuights  withm  tlie  tomb,  were  probably  analogous  witli 
those  diseoTered  in  the  &mons  sepuldize  of  Konl-Oba,  at  Kerteh. 

Having  given  tliis  dight  sketch  of  what  was  previously  known  of 
the  Mans^enm,  Mr.  Newton  proceeded  to  describe  the  course  of  his 
own  researches,  which  have  had  the  remarkable  success,  not  only  of 
satisfnetorilv  proving  the  position  of  tliis  famous  monnment,  above  the 
Agoni.  in  tiie  centre  of  the  ancient  city,  but  also  of  detemnining  the 
style  of  its  art  and  the  general  character  of  its  structure,  lie  stated 
that  he  was  first  led  to  make  inquiries  about  lite  Mausoleum  by  the 
arrival,  in  1846,  al  the  British  Moeeum,  of  twelve  sculptnrad  slabs, 
which  had  been  obtained  ftom  the  walls  of  the  castle  of  St  Peter 
through  the  influenoe  of  Lord  Stratford  de  Redcliffe,  then  British 
anAassador  at  Ck>D8tantinople ;  and  that  he  was  further  stimulated 
to  make  excavations,  with  the  view  of  finding  the  actual  site  of  the 
tomb,  by  having  noticed,  in  18r)5.  several  lions'  heads  still  projecting 
from  tlie  walls  of  this  castle,  wliicli,  like  the  slabs  previously  procured, 
lie  iiad  no  doubt  had  once  belonged  to  the  ALau^oleum. 

In  1866  he  commenced  ezeavatiog,  and  at  intervals  pursued  his 
researches  till  the  spring  of  1868,  proceeding  gradually,  step  by  step, 
by  mining  under  ground  covered  by  modem  Turkish  houses  and 
giirdeii%  which  he  had  to  buy  up.  lie  began  near  a  spot  where,  many 
years  ago,  Professor  Donaldson  had  noticed  the  remains  of  a  superb 
Ionic  edifice,  and  where  he  had  liimself  observed  many  fragments  of 
Ionic  coluiniis,  the  walls  of  the  iield^  and  the  hutises  arouud  being,  for 
the  most  part,  built  ol  fragments  of  sculpture  and  architecture  in 
Parian  mnbleL  He  soon  csine  upon  a  portion  of  the  body  of  a 
ooloaaal  lion  built  into  a  modem  wall ;  ana  shortly  after,  on  several 
firagments  of  fiieze  in  high  relief,  and  many  aichitectanl  mouldings. 
Not  long  after  this,  he  met  with  the  torso  of  a  colossal  equestrian 
figtire  in  an  Asiatic  dress,  and  four*  slab-?  of  the  frieze  in  the  finest 
coudition ;  afler  clearing  out  the  site  of  the  buikUog  itself,  he  dis- 
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covered  on  the  north  the  Peribolot  wall  on  this  side,  in  in  alnmt 
perfect  etate,  and  beyond  it  many  fragments  of  statues,  which,  on 

being  reunited  in  Kfi<rlnnd,  have  prfxiticed  r  male  and  femalo  fijnire 
of  exquisite  worknianshij)  (the  former,  doubtltj^s,  a  repre?^c)itation  of 
Mausohis  liiinself,  and  the  latter  of  a  goddess  wlio  must  have  stood 
near  him  iu  the  quadriga),  together  with  all  the  architectural  portious 
required  for  the  determination  of  the  Order,  viz.  drama  of  colmnna, 
bases,  capitals,  the  two  stones  of  the  ardutrave^  the  bed^mmild  of  the 
cornice,  and  the  oonilce  itself.  Besides  these,  great  portions  of  two 
colossal  horses,  unquestionably  those  of  the  marble  quadriga,  executed 
hv  Fytlds,  were  discovered,  and  a  number  of  slabs  which  there  is 
rr  ;ison  to  believe  formed  the  steps  of  the  pyramid,  together  with 
portions  of  the  felly,  spokes,  and  the  outer  rim  of  one  of  its  wheels. 

By  the  middle  of  1857,  Mr.  Newton  succeeded  ia  tracing  out  the 
basebnes  of  the  originid  bnilding  (nearly  every  fragment  of  whidi  had 
been  removed  by  the  Knights,  or  subsequently),  and  had  {Moved  that 
the  area  wherein  tlie  edifice  had  stood  was  a  parallelogram,  the 
western  side  of  which  waa  110  feet  long  and  the  southern  126.  The 
whole  of  this  arena  was  cut  out  of  tlie  native  rock,  to  depths  vnrying 
Irom  two  to  sixteen  feet  below  the  surface  of  the  surrouuding  fields. 

Mr.  Newton  i\m\  proceeded  to  discuss  the  evideijces  as  to  the 
character  of  the  design  of  the  Mausoleum,  us  determiuable  from  the 
ftagmenta  he  had  excavated,  and  pointed  oat  the  difficoltiea  which 
had  beset  earlier  incjuirers  in  their  attempt  to  reoonstmet  the  liatiao- 
leom  from  the  desenptiona  of  the  ancients.  He  remarked,  tliat  archi- 
tects had  been  prone  to  imagine  corruptions  in  the  texts  of  the  old 
writer«^,  whenever  the  numbers  given  bv  them  did  not  hapj>en  to  squnrc 
with  their  modem  theories  ;  but,  that  in  this  case,  a  recent  collation 
of  the  MSS.  had  shown  that  there  was  no  important  variation  in  the 
reading ;  tiiat  Pliuy  's  smaller  dimensions  of  63  feet  must  be  taken 
to  be  the  measarenoent  of  ihe  cdJla  of  the  building ;  and  that  his  lofstt 
€iremiht$  "  of  411  feet  must  refaite  to  the  entire  area  occupied  by  the 
thirfy-six  columns  which  surrounded  this  cello,  Mr.  Newton  ihrther 
allowed  tliat,  by  the  dimensions  afforded  by  the  treads  of  the  steps,  this 
eireumference  could  be  shown  to  be  412  feet,  a  coincidence  of  numbers 
with  that  given  by  Pliny  too  remarkable  to  be  accidental. 

Further  elements  for  calculation  were  also  provided  by  the  happy 
discovery  of  the  piece  of  the  rim  of  the  chariot  wheel ;  for,  by  means 
of  this,  it  waa  easy  to  strike  the  curve,  and  to  ascertain  that  the  total 
diameter  of  the  wlieel  must  have  been  7  feet  7  inches.  The  length 
of  the  horses  was  about  10  feet,  and  the  entire  length  of  the  platlonni^ 
might  thus  be  easily  calculated.  In  the  same  way  the  half-diameter 
of  the  wheel  combined  with  thnt  of  the  statue  of  MaUiOlua  gave  the 
means  of  cnlcnlnting-  the  height  of  the  chariot  group. 

Mr.  Newton  then  went  on  to  show  that  it  might  be  further  calcu- 
lated from  existing  remains,  tliat  the  height  of  the  order  was  the  same 
as  that  of  the  pyramidal  portion  it  supported,  and  that,  therefore,  of  the 
140  feet  of  total  height,  75  would  be  occupied  by  the  oolumna,  ardii- 
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trave,  and  pyramid,  leaving  65  unaccounted  for.  This  was  a  puzzle 
which  the  theoretical  restorers  had  iaiied  liitherto  to  rc.^olve;  but  a 
compari&ou  with  the  tombs  still  existing  in  the  adjoining  country,  in 
Oria  itself,  at  Mylasa  in  Lycia,  and  at  Soiuna  in  Algeria,  shows 
Uwl  it  won  not  oniisual  to  erect  each  mooiiiDents  od  very  lofty  base- 
iMiits,  He  added,  that  the  scattered  compoeition  of  the  frieze  and 
tlie  eloiigated  proportions  of  the  figuiea  on  it  were  adapted  to  be  seen 
at  a  great  height  above  the  eye,  as  would  be  the  case  in  the  proposed 
ratontioT). 

Mr.  Newton  concluded  his  discourse  by  stating  that  he  had,  he 
believed,  discovered  the  very  stone  which  had  closed  the  entrance  to 
the  original  sepulchre  of  the  king, — a  huge  block  of  marble,  weighing 
ten  tOQa^  caremlly  grooved  at  the  edges  and  then  lowered  1^  in»- 
dunery  into  eoekets,  like  a  porteullia.  Gloae  to  it  was  also  a  staircase, 
which  he  believed  was  made  to  enable  the  body  of  Mausolus  to  be 
lowered  into  its  resting-place.  The  numerous  statues  of  lions  which 
ftiad  been  met  with,  must  hnvc  been  placed  roinid  the  tomb  to  guard 
it,  Lristlv.  Mr.  Newton  added,  that  the  wliole  oi  the  sculptures  had 
onre  Imxm  painted,  the  flesh  generally  a  dun  colour^  with  an  ultra- 
marine liackground. 

[C.  T.  N.] 


WEEKLY  EVEMJSCjr  MEETIjSG, 

Friday,  June  7,  1861. 

The  Du&e  of  No&thumbehland,  K.G.  F.R.S.  President, 

in  the  Chair. 

John  Tykdall,  Esq«  F.B.S. 

rmanmou  ov  MTmuA  nDUMoniT,  aorAL^ivniTUxiMi. 
Oh  the  Pkydeal  Bans  of  Solar  ChemiUry. 

Omitting  all  preface,  the  speaker  drew  attention  to  an  experimental 
arrangement  intended  to  prove  that  gaseous  bodies  radiate  heat  iu 
ditiereiit  degrees.  Behind  a  double  screen  of  polished  tin  was  placed 
an  ordinary  ring  gas-bunier ;  on  this  was  placed  a  hot  copper  ball, 
from  which  a  column  of  heated  air  ascended  :  behind  the  screen,  but 
so  placed  that  no  ray  from  the  ball  could  reach  the  instrument,  was 
an  excellent  thermo-electric  pile,  connected  by  wires  with  a  very 
delicate  galvanometer.  The  thermo-elet^tric  pile  was  known  to  be  an 
instrument  whereby  heat  was  applied  to  the  generation  of  electric 
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eurreuU ;  the  strength  of  the  current  being  an  accurate  measure  of 
the  qiumtity  of  the  heftt*  AiT  long  as  both  ham  of  tlie  pile  were  «t 
.  the  same  temperature,  no  carrent  was  produced ;  but  the  slightest 

difference  in  the  temperature  of  the  two  fiuies  at  once  declared  itself 
by  the  production  of  a  current,  whicli,  when  carried  through  the  gal- 
vanometer, indicated  by  the  deflectioo  of  the  needle  both  its  strength 
and  its  direction. 

The  two  faces  of  the  pile  were  in  the  first  instance  l)roup:ht  to  the 
same  temperature ;  the  equilibrium  being  shown  by  the  needle  of  the 
galvenonieter  standing  at  sero.  The  rays  emitted  by  the  current  of 
hot  air  already  referred  to  were  permitted  to  fidl  upon  one  of  the 
ftoes  of  the  pile;  and  an  extremely  slight  movement  of  the  needle 
showed  that  the  radiation  from  the  hot  air,  though  sensible,  was 
extremely  feeble.  Connected  with  the  ring-burner  was  a  bolder  con- 
taining oxygen  gas;  and  by  turning  a  cock,  a  stream  of  this  pras  was 
permitted  to  issue  from  the  burner,  strike  the  copper  ball,  and  ascend 
in  a  heated  colunm  in  front  of  the  pile.  The  result  was,  tliat  uxygcii 
showed  itself,  as  a  radiator  of  heat,  to  be  qoite  as  fMm  as  atmo- 
.  qiheric  air. 

A  second  liolder  containing  defiant  gas  was  also  connected  by 
its  own  system  of  tubes  with  the  ring-burner.  Oxygen  had  already 
flowed  over  the  ball  and  cooled  it  in  some  degree.  ITenee,  as  a 
radiator  in  comparison  with  oxygen,  the  oletiant  ^ws  laboured  under  a 
disudvaulage.  It  was  purposely  arranged  tliat  this  should  be  the 
case ;  so  that  if,  notwithstanding  its  being  less  hot,  the  oleiiaut  gas 
showed  itself  a  better  radiator,  its  claim  to  soperioiity  in  this  respect 
would  be  decisively  proved.  On  peimitting  the  gas  to  issue  upwards, 
it  cast  an  amount  of  heat  against  the  adjacent  face  of  the  pUe  snlBcient 
to  impel  the  needle  of  the  galvanometer  almost  to  its  stofn  at  90°. 
This  experiment  proved  the  vast  difference  between  two  equally 
transparent  trnees  with  regard  to  their  power  of  emitting  radiant  heat. 

The  converse  experiment  was  now  performed.  The  thermo-electric 
pile  was  removed  and  ulaced  between  two  cubes  filled  with  water  kept  in 
a  state  of  constant  ebullition ;  and  it  was  so  airanoed  that  the  quantities 
of  heat  fidling  from  the  cubes  on  the  oppomte  noes  of  the  pile  were 
exactly  equal,  thus  neutralizing  each  other*  The  needle  of  the 
galvanometer  being  at  zero,  a  sheet  of  oxygen  gas  was  caused  to  issue 
from  a  slit  between  one  of  the  cubes  and  the  adjacent  face  of  the  pile. 
If  this  sheet  of  pjas  possessed  any  sensible  power  of  intercepting  the 
thermal  rays  from  tlie  cube,  one  face  of  the  pile  l>eing  deprived  of  the 
heat  thus  intercepted,  a  difference  of  temperature  between  its  two 
faces  would  instantly  set  in,  and  the  result  would  be  declared  by  the 
galvanometOT.  The  quantity  absorbed  by  the  oxygen  under  those 
circumstances  was  too  fteble  to  affect  the  galvanometer ;  the  gas,  in 
fact,  proved  sensibly  transparent  to  the  rays  of  heat.  It  had  but  a 
feeble  power  of  radiation :  it  had  an  equally  feeble  power  of  absorp- 
tion. 

The  pile  reinuiuing  in  its  position,  a  sheet  of  oleiiaut  gas  was 
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cau^  to  iasue  from  the  samo  slit  as  that  through  which  the  oxygen 
had  passed.  No  one  present  eon  Id  see  the  gas  ;  it  was  quite  invisible, 
the  light  went  through  it  ns  f  rrcl}  ns  tbroiigh  oxygen  or  air ;  hut  its 
effect  upon  the  thermal  rays  eiiiaiiatitjg  Irom  the  cube,  was  what 
might  be  expected  irom  a  sheet  oi  metal.  A  quantity  so  large  was 
eat  off,  that  the  needle  of  the  gdvaaoiBeter,  promptly  quitting  the  zero 
line,  iiKi?ed  with  energy  to  ite  stopi :  thne  the  olefient  gas,  bo  li^^t 
and  deer  and  pervious  to  lominoos  nys,  was  a  most  potent  destroyer 
of  the  rays  emanating  from  an  obscure  source.  The  reciprocity  of 
action  established  in  the  case  of  oxygen  comes  out  here  ;  the  gOOd 
radiator  is  found  bv  tliis  exjteriinciit  to  be  the  good  absorber. 

This  result,  which  was  exiiibited  before  a  public  audience  this 
evening  for  the  first  time,  was  typical  of  what  had  been  obtained  with 
puMs  generally.  Ooing  through  the  entire  list  of  gases  and  vapoors 
in  this  way,  we  should  find  radSation  and  absorption  to  be  as  rigidlv 
associated  as  positiye  and  negative  in  electricity,  or  as  norUi  and  south 
polarity  in  magnetism.  The  gas  which,  when  heated,  is  most  competent 
to  generate  a  calorific  ray.  is  precisely  that  which  is  most  competent 
to  stop  such  a  ray.  If  the  nidiution  be  high,  the  absorption  is  iiigh  ; 
if  the  radiation  be  moderate,  the  absorption  is  moderate;  it  the 
radiation  be  low,  i\\e  absorption  is  low  }  so  that  if  we  make  the 
number  which  ezpreases  the  alMOTptive  power  the  numerator  of  a  ftao- 
tion,  and  that  which  expresNs  its  radiative  power,  tlie  denominator, 
the  result  would  be,  that,  on  aooount  of  the  numerator  and  denominator 
vfirying  in  the  same  proportion,  the  value  of  that  fraction  would 
always  remain  the  same,  whatever  might  be  the  gias  or  vapour  ez- 
perimeiited  with. 

But  wliy  should  this  reciprocity  exist  ?  What  is  the  meaniug  of 
absorption  ?  what  is  the  meaning  of  radiation  ?  When  you  cast  a 
stone  into  still  water,  rings  of  waves  surround  the  place  where  it  lulls ; 
motion  is  radiated  on  all  sides  from  the  centre  of  distorfaanoe.  When 
the  hammer  strikes  a  bell,  the  bitter  vibrates ;  and  sound,  which  is 
nothing  more  than  an  undulatory  motion  of  the  air,  is  radiated  in  all 
directions.  Modern  piiiiosophy  reduces  light  and  heat  to  the  s<ime  me- 
chanical category.  A  luminous  !)ody  is  one  with  its  pjulicies  in  a  state 
of  vibration  ;  a  liot  body  is  one  with  its  particles  also  vibratiug,  but  at 
a  rate  which  is  incompetent  to  excite  the  sense  of  vision ;  and,  as  a 
sounding  body  has  the  air  around  it,  tlirough  whidr  it  propagates  its 
vibra^ons,  so  also  the  lonunous  or  heated  body  has  a  medium,  called 
ether,  which  accepts  its  motions  and  carries  them  forward  with  incon* 
ceivable  velocity.  Radiation,  then,  as  regards  l>otli  light  and  heat, 
is  the  transference  of  motion  from  the  vihrating  body  to  the  ether  in 
which  it  stein fjs :  and,  as  in  the  case  of  sound,  the  motion  impartini 
to  the  air  is  soon  transferred  to  the  surrounding  objects,  against  which 
the  aerial  undulations,  strike,  the  sound  being,  in  technical  language, 
lUfttfrhed;  so  also  with  regard  to  light  and  hmt,>afasorption  oonnsts  in 
ike  transference  tf  mttHtmJrcm  the  tigUaieti  eih^  io  tkeparHeUi  of  ike 
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The  simple  atoms  are  found  to  be  bad  radiators ;  the  compound 
atoms  ^oo(\  ones :  and  the  higher  the  dojo^-pe  of  complexity  in  the 
atomic  ixioiiping,  the  more  potent,  as  a  general  rule,  is  the  n\diation 
and  absorption.  Let  us  get  definite  ideas  here,  however  gross,  and 
puri^  them  afterwards  by  the  process  of  abstraction.  Imagine  our 
itmpfo  atoms  swinging  like  aiiigle  spheres  in  iJie  ether ;  tliey  caDook 
ereste  the  swell  wmeh  a  group  of  them  united  to  form  a  system  can 
pfodace.  An  oar  runs  freely  edgeways  through  the  water,  and  im- 
parts far  less  of  its  motion  to  the  water  than  when  its  broad  fiat  side 
is  brought  to  bear  upon  it.  In  our  present  language  the  oar,  broad 
side  vertiLal,  is  a  good  radiator;  broad  side  horizontal,  it  is  a  bad 
radiator.  Cuiiversely  the  waves  of  water,  impinging  upon  the  flat 
face  ui  the  oar-blade,  will  impart  a  greater  amount  of  niotion  to  it 
than  when  impinging  upon  the  edge.  In  the  position  in  which  the 
oar  radiates  well,  it  also  absorbs  well.  Simple  atoms  glide  through 
the  ether  without  much  resistance ;  compound  ones  encounter  this,  and 
yield  up  more  speedily  their  motion  to  the  ether.  Mix  oxygen  and 
nitrogen  mechanically,  they  absorb  and  radiate  a  certain  amount. 
Cause  these  gases  to  eomhine  chemically  and  form  nitrous  oxide,  both 
the  absorption  and  radiation  are  thereby  augmented  250  times ! 

In  this  way  we  look,  with  the  Lele&cope  of  the  intellect  into  atomic 
systems,  and  obtain  a  ooneeption  of  processes  which  the  eye  of  sense 
can  never  reach.  But  gases  and  vapouis  possem  a  power  of  choioe 
as  to  the  rays  which  they  absorb.  Tliey  single  out  certain  group!^  of 
rays  for  destruction,  and  allow  other  groups  to  pass  unharmed.  This 
is  best  illustrated  by  a  famous  experiment  of  Sir  David  Brewster's, 
modified  to  suit  the  requirements  of  thf*  y^resent  discourse.  Into  a 
glass  cylinder,  with  its  ends  stopi>ed  by  discs  oi  plate-glass,  a  small 
quantity  of  nitrous  acid  gas  was  introduced  ;  the  presence  of  the  gas 
being  indicated  by  its  ridi  brown  odour.  The  himm  fiom  an  dectiie 
lamp  bemg  sent  through  two  prisms  of  bisulphide  of  carbon,  a 
spectrum  seven  feet  long  and  eighteen  inches  wide  was  east  upon  a 
screen.  Introducing  the  cylinder  containing  the  nitrous  acid  into  the 
path  of  tlie  beam  as  it  issued  from  the  lamj).  the  splendid  and  con- 
tinuous spectrum  became  instantly  furrowed  by  numerous  dark  bands, 
the  rays  answering  to  wiiich  were  struciv  down  by  the  nitric  gas,  while 
it  permitted  the  light  which  fell  upon  the  intervening  spaces  to  pass 
with  eomparative  impunity. 

Here  also  the  principle  of  reciprocity,  as  regards  radiation,  and 
absorption,  holds  good ;  and  could  we,  without  oSierwise  altering  its 
physical  character,  render  that  nitrous  gas  luminous,  we  should  find 
that  the  vf^ry  rays  which  it  absorbs  are  precisely  those  which  it  would 
emit.  When  atmospheric  air  and  other  gases  are  brougljt  to  a  state 
of  intense  incandescence  by  the  passcige  of  an  electric  sjutrl^,  the 
spectra  wMch  we  obtain  from  them  consist  of  a  series  of  bright  bands. 
But  such  spectra  are  produced  with  the  greatest  brilliancy,  when, 
instead  of  ordinary  gases,  we  make  use  of  metals  heated  so  highly  as 
to  Tolatiliie  them*  This  is  easily  done  by  the  voltaic  current.  A 
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GBiwiile  of  eariKm  was  fllM  with  mercuiyy  which  fomed  tlie  poiitive 
electrode  of  the  eleotrie  lamp ;  a  carbon  point  was  broaght  down  upon 
this ;  and  on  aepeiating  one  from  the  otner,  a  brilliant  arc  containing 

the  mercury  in  a  volatilized  condition  paswd  between  them.  The 
spectrum  of  this  arc  was  not  continuous  like  that  from  the  solid  carbon 
points,  but  consisted  of  .a  series  of  vivid  bands,  each  corresponding 
in  colour  to  Liiat  particular  porliuu  of  the  spectrum  to  which  its  mya 
belonged.  CofMper  gptve  its  system  of  bande  i  ane  gave  its  system ; 
hnd  bra»y  which  le  an  alloy  of  copper  and  sine,  gave  a  splendid 
spectrum  made  up  of  the  bands  belonging  to  both  metals. 

Not  only,  however,  when  metals  are  united  like  zinc  and  copper 
to  form  an  alloy,  is  it  possible  to  obtain  the  bands  which  belonged  to 
them.  No  matter  how  wc  may  disguise  the  metal— allowing  it  to 
unite  with  oxygen  to  form  an  oxide,  luid  tiiis  again  \sith  an  acid  to 
form  a  salt ;  if  the  heat  applied  be  suihcieully  iulexise,  the  bauds 
belonging  to  the  metal  reveal  themselveB  with  perfect  definition. 
Holes  were  drilled  in  a  cylinder  of  retort  carbon,  and  these  being 
filled  with  pure  culinary  salt,  the  carbon  was  made  the  positive  elec- 
trode of  the  lamp :  the  resultant  speetmm  showed  the  brilliant  yellow 
lines  of  the  metal  sodiinn.  Similar  experiments  were  niade  with  the 
chlorides  of  strontium,  calcium,  lithium,*  and  other  metals;  each 
salt  gave  the  bands  due  to  the  metal.  Different  salts  were  then  mixed 
t<^ether,  aud  rammed  into  the  holes  in  the  carbon ;  a  spectrum  was 
obtained  which  oontamed  the  bands  of  them  alL 

The  pontiott  of  these  bright  bends  never  varies,  and  each  metal 
has  its  own  system.  Hence  the  competent  observer  can  infer  from  the 
bands  of  the  spectrum  the  metals  which  produce  it.  It  is  a  language 
addressed  to  the  eye  iristead  of  the  cftr;  and  the  certainty  would  not  be 
augmented  if  eacli  metal  jwss^ed  tlie  power  of  audibly  calling  out, 
**  1  am  here  !*'  or  is  this  langui^e  affected  by  distance.  If  we 
find  that  the  sun  or  the  stars  give  us  the  bauds  of  our  terrestrial 
metals,  it  b  a  dedaiation  on  the  part  of  these  orhe  that  sudi  metals 
enter  into  their  composition.  Does  the  sun  give  us  any  such  inti- 
mation? Does  the  solar  spectrum  exhibit  bright  lines  which  we 
might  compare  with  those  produced  by  our  terrestrial  metals,  and 
prove  either  their  identity  or  difference  ?  No.  The  solar  spectrum, 
when  closely  examined,  gives  us  a  multitude  of  fiue  dark  lines  instead 
of  bright  ones.  They  were  first  noticed  by  Dr.  Wollastou,  were 
investigated  with  profound  skill  by  Fraunhofer,  and  named  from  him 
Fraunhofer^s  lines.  They  have  been  long  a  standing  punle  to 
philosophers.  The  bright  lines  which  the  metals  give  os  have  been 
also  known  to  as  for  years ;  but  the  connection  between  both  classes 


*  The  vividness  of  the  colmirs  of  the  lithium  fpectmm  is  ex  t  ran  Mi  nary  :  it 
contained  a  blue  band  of  indescribable  splendour.  It  was  thought  by  many, 
during  the  ^seonrse,  that  I  had  mistaken  ilraiithim  Ibr  lithiiun,  as  this  blae  band 
had  never  before  been  seen.  I  have  obtained  it  many  times  since ;  and  my  friend 
Dr.  Miller.  h:nnn(?  kindly  analysed  the  Mbetsnoe  made  nae  of,  pronooncea  it 
chloride  of  iithiam. — J.  i . 
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of  phenomena  was  wholly  unknown,  ODtil  Klreblioff,  with  admifabUi 
aeuleness,  revealed  the  seeret,  and  placed  it  at  the  Mme  time  in  our 
power  to  chemically  analjse  Uie  sun. 

We  have  now  some  hard  work  before  us  ;  hitherto  we  have  been 
delighted  by  objects  which  addressed  themselves  rather  to  our  aesthetic 
taste  than  to  our  scientific  faculty.    We  have  ridden  pleasantly  to 
the  base  of  the  final  cone  of  Etna,  and  must  now  dismount  and  march 
wearily  through  ashes  and  lava,  if  we  would  enjoy  the  prospect  from 
the  summit.    Our  problem  is  to  connect  the  dark  lines  of  Fraunhofer 
with  the  bright  ones  of  the  metale.  The  wliite  beam  of  the  lamp  is 
lefimGted  in  paaniig  through  oor  two  prismsy  but  its  differaiit  oompo* 
nents  are  refracted  in  different  degrees,  and  tiius  its  colours  are  d^a^vn 
apart.    Now  the  colour  depends  solely  upon  the  rate  of  oscillation  of 
the  particles  of  the  luminous  body ;  red  light  being  produced  by  one 
rate,  blue  light  by  a  much  quicker  rate,  and  the  colours  between  r*»d 
and  blue  by  the  intermediate  rates.    The  solid  incandescent  cNjal-points 
give  us  a  continuous  bj)ectinim ;  or  in  other  words  tliey  tjmit  rays  of 
all  possible  periods  between  the  two  extremea  of  the  speetnim.  They 
have  particles  oscillating  so  as  to  produce  red ;  others,  toprodoceoranes ; 
otiien,  to  produce  yellow,  green,  blue,  indigo,  and  violet  respecttvdy. 
Colour,  as  many  of  you  know,  is  to  light  what  piick  m  to  sound. 
When  n  violin-player  presses  his  finger  on  a  string  he  makes  it  shorter 
and  tighter,  and  thus,  causing  it  to  vibrate  more  speedily,  angnnents  the 
pitch.     Imagine  such  a  player  to  move  his  finger  slowly  along  the 
strings  shortening  it  gradually  as  he  draws  his  bow,  the  note  would  rise 
in  pitch  by  a  regular  gradation  ;  there  would  be  no  gap  intervening 
between  note  and  note.  Here  we  have  the  analogue  to  ^  cootinuoas 
spectrum,  whose  colours  insensibly  blend  together  without  gap  or 
interruption,  from  the  red  of  the  lowest  pitch  to  the  violet  of  the 
highest.    Hut  suppose  the  player,  instead  of  gradually  shortening  liis 
string,  to  press  his  liiiiL^cr  on  n  cortain  point,  and  to  sound  the  corre- 
sponding note  ;  then  to  |kiss  on  to  anoilier  point  more  or  less  distant, 
and  sound  it^  note  ;  then  to  another,  and  so  on,  thus  sounding  particular 
notes  separated  firom  each  other  by  gaps  which  correspond  to  the 
intervals  of  the  string  passed  over ;  we  should  then  have  the  exact 
analogue  of  a  spectrum  composed  of  separate  bright  bands  with 
intervals  of  darkness  between  them.    But  tbis,  though  a  perfectly  true 
'and  intelligible  analog)%  is  not  sufticient  for  our  purpose ;  we  must  look 
with  the  mind's  eye  at  the  very  oscillating  atoms  of  the  volatilized 
metal.  Figure  thes*  atoms  connected  by  springs  of  a  certain  tension,  and 
which,  if  the  atonis  are  squeezed,  together  publi  them  asunder,  or  if  the 
atoms  are  drawn  apart,  pull  them  together,  causing  them,  before  coming 
to  rest,  to  quiver  at  a  certain  definite  rate  detennined  by  the  strength 
of  the  sfNing.  Now  the  volatilised  metal  which  gives  us  one  bright 
band  is  to  be  figured  as  having  its  atoms  united  by  springs  all  of  tlie 
same  tension,  its  vibrations  are  all  of  one  kind.    The  metal  which  gives 
us  two  bands  may  be  figured  as  having  some  of  its  atoms  united  by 
springs  of  one  tension,  and  others  by  a  second  series,  of  springs  of  a 
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difiereDt  tension.  It^  vibratioiia  are  of  two  distinct  kinds  ;  so  abo  when 
we  have  three  or  more  bands,  we  juw  to  figure  ae  many  distinet  seta  of 
a|iriDgSy  each  set  capable  of  vibrnting  in  ita  own  partioalar  time  and  at 
a  dlflbrent  rate  from  the  other.  If  we  seise  this  idea  definitely,  we  shall 
have  no  difficulty  in  dropping  the  metaphor  of  springs,  and  substituting 
for  it  mentally  the  forces  by  which  the  atoms  act  upon  each  other. 
Having  thus  far  cleared  our  way,  let  us  make  another  effort  to  advance. 

Here  is  a  pendulum, — a  heavy  ivory  ball  sus^eiuied  from  a  string. 
I  blow  against  this  ball ;  a  single  puii  of  my  breath  moves  it  a  little 
way  from  \iA  position  of  rest ;  it  swings  back  towards  me,  and  when 
it  feaches  the  limit  cf  iff  awioR  I  puff  again.  It  now  awiugs  further ; 
and  thna  by  timing  my  pofih  I  can  so  accomuUte  their  actioii  aa  to 
produce  oicillations  of  large  amplitude.  The  ivory  ball  here  has 
absorbed  the  motions  which  my  breath  communicated  to  the  air.  I 
now  bring  the  hall  to  r«9t.  Suppose,  instead  of  my  brr atlt,  a  wave  of 
air  to  strike  against  it,  and  that  this  wave  is  followed  by  a  serirs  of 
otliers  which  succeed  each  other  exactly  in  the  siiuie  iiitervals  as  my 
puiii  ;  it  Is  perfectly  manifest  that  tliese  waves  would  communicate 
tlidr  mottOD  to  the  Ml  and  cause  it  to  awinff  aa  the  poA  did.  And 
it  is  equally  manifest  that  tfaia  would  not  be  the  case  if  the  impulses  of 
tbe  waves  were  oot  pfOperly  timed  ;  for  then  the  motion  imparted  to 
the  pendulum  by  one  wuto  would  be  neutralized  by  another,  and  there 
could  not  be  that  accuTnulation  of  effect  which  we  have  when  the 
periods  of  the  waves  correspond  witli  the  periods  of  the  pendulum. 
So  much  for  the  kind  of  impulses  absorbed  by  the  penduhim.  But  such 
m  pendulum  set  oscillating  io  air  produces  wav^  in  the  air ;  and  we 
aee  that  the  waves  which  It  produces  must  be  of  the  same  period  as 
those  whose  nsotioiia  it  would  take  up  or  absorb  most  copiously  if  they 
Btmck  against  it.  Just  in  passing  I  may  remark,  that  if  the  periods  of 
tbe  waves  be  double,  treble,  quadruple,  See.,  the  periods  of  the  pendulum, 
the  shocks  Imparted  to  the  latter  would  also  be  so  timed  as  to  produce 
an  aceiimulation  of  motion. 

Perhaps  t!ie  most  cariou?^  effect  of  these  timed  impulses  ever 
described  was  ihat  i)bserved  by  a  watchmaker,  named  EUicott,  in  the 
year  1741.  He  set  two  clocks  leaning  against  the  same  rail;  one  of 
them,  which  we  m^  call  A»  waa  set  going ;  the  other,  B,  not  Some 
time  afterwards  he  lound^  to  hb  surprise,  that  B  waa  tidiing  also.  The 
pendulums  being  of  the  same  length  the  shocks  imparted  hy  the  tick- 
ing of  A  to  the  rail  against  which  both  clocks  rested  were  propagated 
to  n,  and  were  so  timed  as  to  set  B  goinfr.  Other  curious  effects  were 
at  the  same  time  observed.  When  the  pendulums  differed  from  each 
oiiier  a  certain  amount,  A  set  li  going,  but  the  re-action  of  IJ  stopped 
A.  Then  B  set  A  going,  and  the  re-acliou  of  A  stopped  B.  If  the 
periods  of  oscillation  were  dose  to  each  other^  but  atill  not  quite  alike, 
the  docka  mutually  controlled  each  other,  and  by  a  Idnd  of  mutual 
oompmmise  tliey  ticked  in  perfect  unison. 

But  what  has  all  this  to  do  with  our  ptesent  subject  ?  They  are 
mechaoicaUy  identicaL  The  varied  actions  of  the  universe  are  all 
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model  of  mofioo ;  and  the  Tibratum  of  a  ray  clainn  ttiiot  bfotlierliood 
with  the  vibrations  of  our  pendulum.  Suppose  ethereal  wstcb  atrikioff 
upon  atoms  which  oscillate  in  the  aame  periods  as  the  wavea  aiiocseed 

each  other,  the  motion  of  the  wav(v^  be  absorbed  by  the  atoms  ; 
suppose  we  send  our  beam  of  white  light  tfirough  a  sodium  flame,  the 
particles  of  that  tiaine  will  be  chiefly  atiected  by  those  undulations 
which  are  syochrooous  with  their  own  periods  of  vibratiou.  There  will 
be  on  the  part  of  thoae  particaUur  rays  a  transference  of  motion  from 
the  agitated  ether  to  the  atoms  of  the  vi^tiliaed  aodiam,  which,  as 
already  defined,  is  absorption.  We  use  glass  sereemi  to  defend  as 
from  the  heat  of  our  fires ;  how  do  they  act?  Thus : — The  heat  ema* 
nating  from  the  fire  is  for  the  most  part  due  to  radiations  wliich  are 
incompetent  to  excite  the  sense  of  vision  ;  we  call  these  rays  obscure. 
Glass,  though  pervious  to  tlie  luminous  rays,  is  opaque  iu  a  high  degree 
to  those  obscure  rays,  and  cuts  them  off,  while  the  cheerful  light  of  the 
iire  is  allowed  to  pass.  Now  maik  me  clearly.  The  heat  cut  off  from 
your  person  Is  to  be  found  in  the  glass,  the  latter  becomes  heated  and 
radiates  towards  your  penon ;  what  then  is  the  use  <tf  the  glass  if  it 
merely  thus  acts  as  a  temporaiy  haltiog-place  for  the  rays,  and  sends 
them  on  afterwards.  Tt  does  this: — It  not  only  sends  the  heat  it 
receives  towards  yon,  but  scatters  it  also  in  nil  other  directions  round 
the  room.  1  [lus  tlie  rays  which,  were  the  glass  not  interposed,  would 
be  shot  directly  against  ^uur  person,  are  for  tlie  most  part  diverted 
from  their  original  directioD,  and  you  are  presenred  firom  their  impact. 

Now  for  our  eiperiment.  I  paw  the  beam  from  the  ekctrie  lamp 
through  the  two  prisms,  and  the  spectrum  spreads  its  colours  upon  the 
soreeti.  Between  the  lamp  and  the  prism  I  interpose  this  snapdrsgon 
light.  Alcohol  and  water  are  here  mixed  np  with  a  quantity  of  common 
salt,  and  the  metal  dish  that  contains  them  is  heated  bv  a  s|)irit4amp. 
The  vapour  from  the  mixture  ignitea  uiul  we  have  tliis  uKuiochromatic 
flame.  Through  this  dame  the  beam  from  tlie  lamp  is  now  passing ; 
and  observe  the  result  upon  the  speetium.  You  see  a  dark  band  cut 
out  of  the  yellow, — not  very  darit,  but  suflfidently  so  to  be  seen  by 
everybody  present.  (Observe  how  the  band  quivers  and  varies  in  shade 
as  the  amount  of  yellow  li^t  cut  off  by  the  unsteady  flame  varies  in 
amount.  The  flfiinp  of  this  raofK>chromatie  lamp  is  at  the  present 
moment  casting  its  projier  yellow  light  uj>on  that  shaded  line;  and 
more  than  it  casts,  m  part,  the  light  which  it  absorbs  from  the 
electric  lamp  upou  it ;  but  it  scatters  the  greater  portion  of  this  light 
in  other  directions,  and  thus  withdraws  it  from  its  place  upon  the 
aereen,  as  the  glass,  m  the  case  above  supposed,  diverted  the  heat  of 
the  Are  from  your  person.  Hence  the  band  appears  dark ;  not  abso- 
lutely, but  dark  in  oompariaon  with  the  adjacent  brilliant  portions  of 
the  spectrum. 

Tint  let  nie  exalt  this  effect.  I  place  in  front  of  tlie  electric  lamp 
the  intense  dame  of  a  large  Bunsen's  burner.  I  have  here  a  platinum 
capsule  into  which  I  put  a  bit  of  sodium  less  than  a  pea  in  magnitude. 
The  sodium  placed  in  the  flame  soon  volatilizes  and  burns  with  bril* 
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liant  iucandescence.  Observe  the  spectrum.  The  yellow  band  is 
clearly  and  sharply  cut  out,  and  a  band  of  intetise  obscurity  occupies 
ii&  place.  I  withdraw  the  sodium,  the  brilliant  yellow  of  the  spectrum 
takes  its  proper  place :  I  reintroduce  the  sodium  and  the  black  band 
ftppean. 

Let  me  be  more  predM: — The  ydlow  oolour  of  the  epeetnim 

extends  over  a  lennble  space,  blending  on  one  side  into  orange  and  on 
the  other  into  green.  The  term  '*  yellow  band  "  is  therefore  somewhjit 
indefinite.  I  want  to  show  you  that  it  is  the  precise  yelluw  band 
emitted  by  the  volatilized  sodium  which  the  same  substance  absorbs. 
By  dipping  the  coal-point  used  for  the  positive  electrode  into  a  scjlu- 
tion  of  common  salt,  and  replacing  it  in  the  lamp,  I  obtain  that  bright 
yellow  band  which  yon  now  see  £awn  acfoae  the  epeotrum.  Obittnre 
the  &te  of  tliat  band  when  I  interpose  my  aodinm  light.  It  is  first 
obliterated,  and  instantly  that  black  streak  occupies  its  place.  See 
how  it  alternately  flashes  and  nmidies  as  I  withdnw  and  introdnoe 
the  sodium  flame ! 

And  supposing  that  instead  of  the  flame  of  sodium  alone,  I  intro< 
duce  into  the  path  of  the  beam  a  flame  in  which  lithium,  strontium, 
magnesium,  calcium,  &c.,  are  in  a  state  of  volatilization,  each  metallic 
vaponr  would  cut  out  its  own  system  of  bands,  each  oomsponding 
exactly  in  pontion  with  die  bright  band  which  that  metal  itself  wonld 
cast  upon  the  screen.  The  l^;ht  of  oar  electric  lamp  then  shining 
fhroufrh  such  a  composite  flame  would  give  us  a  spectrum  cut  up  by 
dark  lines,  exactly  as  the  solar  spectrum  is  out  up  by  the  lines  of 
Fraunhofer. 

And  hence  we  infer  the  constitution  of  the  ^reat  centre  of  our 
system.  Tlie  sun  consists  of  a  nuelens  which  is  surrounded  by  a 
flaming  atmosphere.  The  lig^t  of  the  nndeus  would  {pTe  us  a  con- 
ttnuoos  spectrum,  as  our  common  coal-points  did ;  but  having  to  pass 

through  the  photosphere,  as  our  beam  through  the  flame,  those  rays  of 
the  nucleus  which  the  photosphere  can  itself  emit  are  absorbed,  and 
shaded  spaces,  corresponding  to  the  particular  niys  absorbed,  occur  in 
the  spt'ctruiii,  Ab(*lish  the  solar  nucleus,  and  we  should  have  a 
specLrum  showing  a  briglit  band  in  the  place  of  every  dark  line  of 
^htunhofer.  These  lines  are  therafore  not  absolutely  dark,  but  dark 
by  an  amount  corresponding  to  the  diflkence  between  the  light  of  the 
nucleus  intercepted  by  the  photosphere,  and  the  light  which  issues  fiom 
the  latter. 

The  man  to  whom  we  owe  thi«?  beautiful  g-eneralization  is  Kirchhoff', 
Prof^or  of  Natural  Philosi^ijihy  in  the  nnivcisitv  of  Heidelberg; 
but,  like  every  other  p^reat  discuvery,  it  is  comjjouiuled  of  various 
elemeuts.  Mr.  Talbot  observed  the  bright  lines  in  the  spectra  of 
coloured  flames.  Sixteen  years  ago  Br.  Miller  gave  drawings  and  de- 
scriptions of  the  spectra  of  ▼arions  coloured  flames.  Wheatstone^  with 
his  accustomed  ingenuity,  analyzed  the  light  of  the  electric  spark,  and 
showed  that  the  metals  between  which  the  spark  passed  determined  the 
bright  bands  in  the  spectrum  of  the  spark.    Masson  publiahed  a  prise 
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essay  on  these  bendi ;  Yen  der  WUlumii  and  more  reeently  PKloker, 
have  given  us  beautiful  drawinge  <»  the  spectra,  obtained  from  the 
discharge  of  Ruhmkorff's  coil.    But  none  ot  these  distinguished  men 

betrayed  the  least  knowledge  of  the  connection  between  the  bright 
bands  of  the  metals  and  the  dark  lines  of  the  solar  spectrum.  '1  he 
man  who  came  neareiit  to  the  philosophy  of  the  subject,  was  Aug&trura. 
In  a  paper  trauidated  from  Poggeudord  's  "  Annalen  "  by  myself,  aud 
published  in  the  **Philo6ophicu  Magazuie"  for  1855,  he  iudicates  that 
the  rays  whieh  a  body  abeoriie  are  preciMly  those  whieh  it  ean  emit 
when  rendered  luminoos.  In  another  plaoe,  he  speaks  of  one  of  hit 
spectra  giving  the  general  impreedoo  reimwi  of  the  solar  spectrum. 
Foucault,  Stokes,  and  Thomsoji.  have  all  been  very  close  to  the  dis- 
covery :  find,  for  my  own  part,  the  rxnminatinn  of  the  radiation  and 
absurptiun  of  heat  by  j^ases  and  vapours,  b-ume  of  the  results  ot  which 
I  placed  before  yuu  at  the  comuienceinent  of  this  discourse,  would 
have  led  me  in  1859  to  the  law  on  which  all  Kirchhoff's  speculations 
are  founded,  had  not  an  aocident  withdrawn  me  from  the  investigation. 
But  Kirchhoff's  claims  are  unaffected  by  these  ctreumstances.  True, 
much  that  I  have  referred  to  formed  the  necessary  basis  of  his  die* 
cover}'  :  so  did  the  laws  of  Kepler  ftirnish  to  Newton  tlie  basis  of  the 
theory  of  gravitation.  But  what  Kirchhoff  has  done  carries  ns  far 
beyond  all  that  had  before  been  accomplished.  He  has  introduced  the 
order  of  law  amid  a  vast  assemblage  of  empirical  observations,  and 
has  ennobled  our  previous  knowledge  by  showing  its  relationship  to 
aome  of  the  moet  simlime  of  natural  phenomena. 


GENERAL  MONTHLY  MEETING, 

Monday,  July  1, 1861. 

WiujAM  PoLB,  Esq.  M.A.  F.B.S.  Treasurer  and  Yice-Presidenty 

in  the  Chair. 


[J.  T.] 


William  lieckett,  Esq. 
Alexander  John  £llis,  Ksq. 
Hardinge  Gii&rd,  Esq.  and 
Joseph  Neabei^,  Esq. 


were  elected  Members  of  the  Boyal  Institution. 


John  Dobie,  Esq. 

W.  H.  Stone,  Esq.  and 

John  Wells  Wainwright,  M.D. 


were  admitted  Members  of  the  lioyal  Institution. 
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The  Secretary  announced  that  tlie  Fullerian  Professorship  of 
Physiology  was  vacant,  and  that  the  Managers  would  appoint  a 
Ph>fe88or  on  May  12,  1862. 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same :  viz. 

FaoM 

Boards  Trade  {through  Capt.  D.  GaUomy^Befori  of  Comwilwioiif  oo  Sab- 
marine  Telegraph  Cables,    fol.  1861. 

BrUi$k  MuMMM  TnMmt — The  CaneifonDii  Intcriptioiu  of  Western  Asia.  Vol.  1. 
Pk«f«red  fat  PobHoitfcm  by  Sir  H.  C.  UnriiiiMa  and  B.  Norrit,  Esq.  ftt 

1861. 

Artt,  Society  qf—Jownaalf  Jane  1861.  8to. 

iina#tc  ^octety.  i?ow»^--Journal,  Vol.  XVIII.    Part  2.    8vo.  1861. 

Asiaiie  Sede^  of  Bengal— Journal,  No.  280.   8to.  1860. 

Attronomer  Koynl — Report  on  Greinwich  01)servatory.  1861. 

AsiroRomicaL  Socieiif,  Jiutfol — Monthly  Notices,  May  1661. 

Bamviam  Jeademif^  i^oya/— Sltsosgtberiehte,  1861 ;  Hefl  I.  Svok 

CnmmissionerM  in  iMnacy — Eighteentli  Report.    8vo.  ISfil. 

Cornwall  Polytechnic  Society,  ]?oya/— Twen^-eighth  Aumial  BeporU  Svo.  I860. 

JEQifttors—Artizan  for  June  1861.  4to. 

AtlMDeam  for  June  1861.  4to. 

Chemical  News  for  June  1861.  4tO. 

Engineer  (or  June  1861.  fol. 

Horologieal  Jonrnil,  No.  S5.  8m  1861. 

Jcnimal  of  Gas-Li^hting  for  June  1861.  4tOi. 

Mechanics'  Maganne  for  Jane  1861.  8vo. 

Medical  Cireolar  for  Jane  1861.  8to. 

Practical  Mechanics'  JoonMl,  Ibr  Jooe  186 1 .  4to. 
Franhlin  Institute  of  Peniuylvama — Journal,  Vol.  XLII.  Nos.     6.    8vo.  1861. 
Geoaraplncal  Hocietff,  Eoffal — Proceedings,  Vol.  V.    No.  2.    8vo.  1861. 
Gtoiogxcal  Society— Proceedings,  May  1861.  8vo. 
Geologic  1 1  Sun  et/ of  India— Memoin,    VoL  11.   FtUt2.    8TO.  1060. 

Annual  Report.    1859-60.  8vo. 
Gill,  Jo$epht  E$q.  {tkt  iliilAor)— Essay  on  the  Tlionno-Dynamict  of  Elastio 

Fluids.   8vo.  1860. 
Horticultural  Society,  /?oycf/— Proceedings,  No.  25.    8to.  1B61. 
Linneaa  Society — Proceedings,  No.  20,  and  2ud  Supplement  to  Botany.   8to.  1861. 
Mackie,  S.  J.  E$q.  F.G.S.  (lAe  Editor)— The  Geologist,  Jont  1861. 
Newton,  Messrs. — London  Journal  (New  Series)  for  June  1861.  8to. 
PeUrmann,  A.  £tq,  {tk*  £ii<<r>--Mittheiloi^n  aof  der  Gesammtgebiele  der 

Geographie.   1861.   No.  5.   4t0.  1881. 
PAo/oyra/jAic  Soctrfv— Journal,  No.  110.    8vo.  1860. 

PMy,  Andres  (the  Author) — Catalopne  Chronologique  des Tremblements  do  Tom 
ressentts  dans  Ics  Indes  OccideiJiales  de  I53U  k  1858.    Syo.  1858. 
Various  Meteorological  Papers  (in  French).   8to  and  4to.  1859-60. 
Belation  liistorique  et  Th(^orie  des  Inafes  PhoCo-^lectriqasi  do  la  Foodn. 
(iuD.  360-1860.)    16to.  1861. 
5^1*.  M,  (tk»  Awihar)  Ori^no  ot  Propigatlon  de  la  Foroe^  Fu!s.  8to.  1869. 
Consid<^rations  sur  Its  Leas  qui  prdsident  k  I'AccompIissement  des  Plu  nomtecf 
Naturelles,  rapport^g  H  I'Attraction  Newtonienne.    8to.   Paris,  1861. 
Statistical  i>ba>/y~ Journal,  Vol.  XXIV.    Part  2.    8va  1860. 
FSoMH/,  B.  Kee}>er  <f  Librmg  R.L  (the  £(iilor)— Haydn's  Dictionary  of  DM 

for  Universal  Reference.    10th  Edition.    8vo.    1861.    [2  Copies.) 
WkHtcroet^  Jamet  W.  Eu,  (Ihe  Anthor) — Sketches  and  Characlers ;  or,  the 
NtadlliilttyofHvMBliitdlMli.  6fa  166a 
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GENERAL  MONTHLY  MEETING, 

Monday,  November  4,  1861. 

WiLUAM  Poi^  Etq.  M.A.  F.B.S.  Trauarer  and  Yiee-Piresident, 

in  the  Cluur. 

The  Rev.  Wm.  H.  A.  Wentworth  Bowyer,  M.A. 
was  elected  a  Member  of  tlie  lioyal  lustitutiou. 

Alexander  J.  Ellis,  Esq. 
was  admitted  a  Member  of  the  Xiojal  Institution. 

The  Secretary  announced  that  the  following  arrangements  had 
been  made  for  the  Lectures  daring  the  ensaing  season 

Chn^iiitiis  Lectures . —  l^rofessor  TxTfDAJLL — Six  Lectures  OH 
Light  (adapted  to  a  Juvenile  Auditory). 

Before  Easter,  1862.— Professor  J.  MARSHALL,  F.B.S.— Twelve 
Lectures  on  tu£  PHfSiOLOGT  of  xuis  Sbnsbb. 

Professor  TmojUUL,  F.B.S. — ^Twelve  Lectures  on  Heat. 

Rev.  A.  J.  D'OusiEY — Five  Lectures  on  tiu:  English  Laxguagk. 

11.  F.  Chobley,  Esq. — Four  Lectures  on  National  Music 

Frofessor  H.  £.  Roeooi^Three  Lectnies  on  Sfsctbuk  Analy- 
sis. 

After  Eatitr, — C*  T.  Nbwton,  Esq.— Four  Lectures  on  ton 
HisTORT  OF  Ancient  Abt  ;  illnstiated  by  Eiamples  in  the  Britidi 
Museum. 

Rev.  G.  BuTjLER — Three  Lectures  o.\  the  Art  of  the  Last 
Centobt. 

Professor  Lyon  Plwfaih,  C.B.  F.R.S. — Six  Lectures  on  some 

OF  TliE    CllEMlCAi.    AillS,    WITH    UEFERENCE   TO    Til£lli  i^KOGUESS 
BNTWEEN  THE  TwO  GrEAT  EXHIBITIONS  OF  1851  AN0  1862. 
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Proftssor  T.  Anpkrson,  M.D.  F.ILS.E. — Seven  Lectures  on 

AgBICULTURAL  CUEMIbiit^. 

The  Pbbbsmts  reoetved  sinoe  the  last  Meeting  were  laid  on  the 
'  table,  and  the  thanks  of  the  Memhen  letnnied  for  the  flame :  ym 

From 

Her  Majestfs  Government  (tknm^  Sir  B*  /.  lfa(r«UMii)— Memotn  of  tht 
Geological  Sorrey; — 
Hhienl  Suitistics  fhr  1858.  Plirt  9 ;  and  fbr  1860.  8ve.  1880-t. 
Geology  of  Parts  of  Eng^aod  and  SeoUaad.   10  Farla.  8va  1860. 

Geology  of  Trinii^Htl.    8vo.  ISro. 
Irou  Ores  of  Great  Britain.    Part  .i.    8vo.  1861. 
Secretary     State  for  War  {through  Sir  H.  Joacs)— Abstracts  of  the  Principal 

Lines  of  Spirit^levdling  in  England  and  Walea.    Bj  Sir  H.  James.   %  vols. 

4t0.  1861. 

MUeroioffical  Departwmd  ef  ihg  Board  of  Trade  (thnmglk  AdmM  Filxrogy- 
Meteoroloipoal  Papers,  Noe.  3, 5, 6»  7,  8, 9, 10,  4to  aaA  8to.  1881. 

Compiled  by  Admiral  Fitzroy : — 
Barometer  and  Weather  Guide.   8vo.  1861. 
Barometer  Manual.   8ro.  1861. 

Passnpe-TaMe  and  Railing  Directions.    (L  13)    8vo.  1861. 
Secretary  of  Slate  for  J adia—K&port  of  Three  Surveys  of  India.  (P  5)   fol.  1861. 
Governor  of  the  State  ^  Arkamatt  U.S. — Second  Report  of  the  Geological  Bceott' 

naissance  of  Arkansas.   8vo.  1860. 
>4cfw<jn>«, /«*fi<«t«  o/"—As?nrance  Magazine,  No.  44.   8vo.  1881. 
Agrkulturai  Socieitff  i^oya/— Journal,  No.  47.   8vo.  1861. 
American  Academy  ef  Arte  and  Sci«iee»— Proocedbgs,  Vol.  IV.  Not.  88-55. 

Vol.  V.  Nos.  1-29.    8vo.  1859-60. 
American  Phfln<tophical  Society — Proceedings,  No.  C.3.    8vo  1860. 
Araoit,  Aeil,  M.I).  FJi.S.  M.R.I,  (the  ^uf //or)— Survey  of  Human  P^ogTes^ 

from  the  Savage  State  to  the  Highest  Civilization  yet  attained.   8vo.  1861. 
Arf^,  S<M-ietif  of  -Journal,  July  to  October  1861.  8vo. 
Attiatic  Society  o/  /?riiya/— Journal.  No.  281.   8to.  1861. 
JsjoHc  5oe»rftf«  i?afBl^Joanial,Vol.  XiX.   Parti.   8vo.  1881. 
Agronomical  Society,  Royal— Monthly  Noticei,  No.  9.  1861. 

Memoir?.  Vol  XXIX.    4to.  18G1. 
Bavunaii  Acadcmu^  Royal — Sitzungsberichte,  1861 ;  Hefl2.  3.  8vo. 
Boettn  yatiirnl  Hiotary  Society,  C^S.— Proceedings,  Vol.  VII.  Nob.  16-28.  Vel. 

VIII.  N(^.  1-4.   8vo.  1860-1. 
Botjield,  Beriuht  Eaq.  M.P,  F.R.S,  MMM  {the  Author)— Notices  of  Libraries. 

4to.  1861. 

British  Architects,  Royal  InstitvU  tf<—'P&pen  read  in  Session  1860-1.  4 to.  IPfil. 
British  Ari'^ociadm  for  the  Adoancement  of  ScicHOt— Beport  of  the  80th  Meaiog» 

htld  at  Oxiord,  1860.    8vo.  1861. 
CmfaraltMm  eftke  COy  ^Lemdmt  -  Supplement  to  the  lihrary  Catalogae.  8m 

1860. 

Chemical  Society — Quarterly  Journal,  Nos.  54,  55.    8vo.  1861. 

Demison,  E.  B.  Esq.  Q.C.  PJ^.S^ Appendix  to  his  Treatise  on  Cloehs  and 

Watches.    l2mo.  1861. 

Dove.  H.  ^f/f  .t'ff'fnr'—Meteorolof^ical  Papers  on  North  Oemiany,  4to.  1859-61. 
£!i»for«— Amencau  Juuruai  ol  bcieuce,  by  B.  Sillimao,  &c.  for  July  aud  Septem* 
ber  1861  8n>. 

Artizan  for  July  to  OctoWr  1861 .  4to. 

Atheuicum  for  July  to  October  1861.  4to. 

Chemical  News  for  July  to  October  1861.  4to. 

Engineer  for  July  to  October  1S(;1.  fol. 

Harological  Journal,  No,  36-39.  8vo. 

Journal  of  Gas- Lighting  for  July  to  October  1661.  4to. 
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Mechanics'  Magazine  for  July  to  October  1861.  Sro. 
Medical  Circular  for  July  to  October  IHfil.  8vo. 
Practical  Mecbaoics'  Journal  for  July  to  October  4to. 
St.  James's  Medley,  No.  87.   IM1.  Itrdw 
Technologist,  July  to  October  1861.  8vn. 
Faradat/,  Profemory  D.CL,  RBJ3» — Akademie  der  Wiasenschaften  zu  Berlin: 
Abluuidlangen,  1859,  IMO.  4t».  1861. 
Akademie  der  Wissensehalteii,  Wiens    Millu-NiL  Omw:  DenkidirifteD. 
Band  XIX.    4to.  1861. 

fcitzuii^berichte,  1861.   Nos.  I,  2.  8vo. 
FintdUin  Iiuttlute      PennMulvania—Jovinm],  Vol-  XLIII.  Not.  1,%^  9*0.  tMl. 
r7ra7ra;5/aVa/ ^^J^t>r /,  A'oyaf— Proceedi^  Not.  8^  4.    8to.  1861. 

Geological  Hocietg — Journal,  No.  67.   8vo.  1861. 

cm,  O.      jr.  D.  (the  y4«aor>— On  Canadian  Gtvtm.  (K  67)  8vo.  1861. 

GlasQOw  Philosophical  Society — Proceedings,  Vol.  V.  No.  1.    8vo.  1860. 
Qoodfellow,  s.  J.,  M.  I).  M.R.I,  {the  A«a«r)— Leetam on  Diteues of  the  Kidney 

and  on  Dropsy  ,    i'imo.  1861. 
Greenwich  Obmvatory,  Rmial — Greenwich  Obeerrations  for  1859.   4to.  1861. 
Ouidif  Af.  Luiffi  (the  Auifmi-':  —  r.avori  dclP  Acotdmiia  AgrariA  di  Pomo  nell' 

ultimo  aotoqnennio.   (K87)    8vo.  1861. 
HmHevkmnd Society,  Roi/al^Pnotedijun,  Noe.  S6-99.  8vo.  1861. 
Ltukester,  Edwin,  M.D.  FJ2.S»  M.R^I,  (Ms  ^elAor)— Leetm  on  Food. 

Second  Course.    16to.  ISfii. 
IdnaeoH  Sodeiy — ProMOdio^  No.  21 .    6vo.  1861. 

Loek§,  Ms,  Eiq.  {tk$  iliiMar)— Bemsrkable  Dieeoreriet  in  GeDtral  Anatmlia. 

Rvo.  18GI. 

JMock,  air  John  W.  Bart,  F.E,S,  {tU  A  uihor}— On  the  Theory  of  the  Moon, 

fte.  PuilO.  8ro.  1860. 
Mackie,  S.  J.  Esq.  F.G.S.  (the  iSJiW)— The  Geologist,  July  to  Octolwr  1861. 
Medical  a»d  Ckkmrnoal  Soci$tji    Lomim,  Eowd^l^rQOSo^ngii,  Vol.  IIL  No.  6. 

1S61. 

M^^ntaija,  M.  Esq.  M.R.I,  (the  Author') — Fifty  more  Sonnets.    8to,  1861. 
Miilltrr,  Mujc,  M.  A  ' thr  A  ?<r/ior)— Lectures  on  the  Science  of  Language  *  deliTered 

at  the  Royal  Institution  of  Great  Britain  in  1861.   8m  1861. 
jrwdUsM,  S&  jr.  /.,  i>.aX.  P,R.8,  M.R.I.  (lAe  Aaalmt)^AAAxtm  tothe  Royal 

Geographical  Society.    Mfy  27,  1861.    8vo.  1861. 
Newton,  Messrs, — I>>ndoti  Journal  (New  Series)  for  July  to  October  1861.  8vo. 
PHermaiui^  A.  JLsi{.  \^tJte  iuii/or)— Mittlieilungcu  uui  Jei  Gesammtgcbiete  der 

Geograpliie.    1861.    Nos.  6-9.   4to.  1861. 
PAofof^a/jJ^rr  S.>ci>/v— Journal,  Nos.  1 11-114.    8vo.  1860, 
Roma  :  Accademia  ae*  Nuovi  Lincei — Atti :  Anno  Xlll.   Sess.  8,  4.   fol.  1860. 
Royal  Society     I^temtwn^Tnnmttdom,  tad  Series.  Vol.  VIL  Put  1.  8vo, 

1861. 

Royal  Society  of  London — Proceedings,  Nos.  44,  45,  46.    8vo.  1861. 

St,  Peter»burq  Academy  of  Sciences — Meinoircs,  Tome  111.    Nos.  2-y.    4to.  18G0. 

Bulletins, 'rome  II.  et  Tome  IIL  Nos  1-5.    4to.  18G0-1. 
Savory,  W.  S.  Esq.  E.H.S.  {the  /lM//ior)  — Kclation  of  the  Vegetable  nu  l  Auiin:il 

to  the  Inorgaknic  Kingdom.    A  Lecture  at  the  Koyai  Institutiou.  8vo. 

1861. 

SaTon  Society  of  Setenceg,  iZoya/— Abhendlopgen.  6  Fwli.  4tow  1860-I. 

Berichte,  G  Parts.    8vo.  1860->1. 
Smithf  Edward^  M.D.  F.R.S.  (the  Author) — Physiological  Papers: — On  I{e8i>ira- 

tion  ;  and  on  Diet,  Tea,  Alcohol,  &c.   8to.  1857-61. 
Smitheonian  InstUuti  n,  Washington,  f/.A--Smithloniaa  Cootiibatiom  to  Kiunr- 
l«dge.   Vol.  XXL   4to.  1860. 
fimithfloiillii  Reports,  1859.   8vo.  1860. 
Statistical  Journal,  Vol.  XXIV,    Part  3.    8vo.  1860. 

Thylor,  Rev.        F.R.S.  M.R.I,  [the  Trn ,nlaior)—J .  G.  Knie,  Guide  to  the 
Education  and  Manageiueut  of  Blind  Children.    16to.  1861. 
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TjfndaU,  Pro/'essor  (the  Author)— On  the  Absorptioa  and  Hadiatiou  of  Ueat  bv 

Gmm.  (Pbil.  Tnms.  1861.)  4to.  1861. 
On  Ex  peri  mental  Physics.    A  Lecture.    8vo.  1861. 
United  iiervice  Institution^  Boyal—JourDn], 'Nos.  Bvo. 
United  State*  Patent  Ojfice.— Report  far  Mechanics.    2  vols,    8vo.  I860. 

Vtrein$  zur  Bt/OrderungdeM  GttMrii/M99$$  ta  JVwiiwn— Vcrifndlwpgeii,  Wkn  voA 

April,  Mai  and  Juni.    4to.  18fil. 
W§aU,  Mr,  John  {(he  .du/Aor^— Statistical  Notices  of  Works  on  the  Fine  and  the 

Gonstnietive  Arta, jaablisb«d  by  liiiD.   18SS-6t.  8to.  1861. 
Websirr,  John,  M,D,  F.BJ5,  Ctk§  ilttfW)— On  the  Laper  Honital  mt  Grmnad*. 

8vo.  1860. 

Report  on  Murray's  Lunatic  Asylum,  Perth.    8vo.  1861. 
Keport  on  Sussex  Ck)untv  Lunatic  Asylum.    8vo.  1861. 
Wutminstn-,  thr  Dean  of  (the  £(/tW)^oanial  of  a  Vkit  to  Genwoy  in  17M-18001 
(Not  published.)    16to.  1861. 


GENERAL  MONTHLT  MEETINO, 

Monday,  December  2, 1861. 

WuxtAM  Folk,  Esq.  M.A*  F.R.8.  Treasuier  and  Tiee-PMdetit, 

in  the  Chair. 

James  Baas,  Esq. 

Rev.  George  Bowea  Macilwain,  B.A. 
David  Rioardoy  Esq. 

were  deeUd  Memberi  of  the  Royal  Institntion. 

The  Pbesents  received  since  tlie  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  J!^  embers  returned  for  the  same :  viz. 

FaoH 

ActHarieH,  Tnsixtnte  r/-  Assumnce  Magaxine,  No.  45.    Bvo.  1801. 

Btdder,  George  P,  Esq.  Jan.  {the  Author)— On  National  Defences.  (From  Vol.  XX. 

of  the  Proceedings  of  OitH  Encineert.)  8vo.  1861. 
JhlaRue,  Warren,  Esq.  ER.S.  M.R.I,  (the  Author)— Tyro  Engravings  of  the 

Planet  Mar«?,  as  fwon  ],\  u  Xrwtonian  E<]iiatorial.  April  20,  1856. 
Editors — American  Journal  oi  bcicuce,  by  B.  Siiliman,  &c.  for  November  1861. 

8vo. 

Artizan  for  November  18GI.    4 to. 

Athenecura  for  November  1861.  4to. 

Cbemieel  Newt  for  November  1 86 1 .  4to. 

Engineer  for  November  I  SCI.  fol. 

Ilorologieal  JoiiiTial,  No.  40.    «vo.  1861. 

Jonnial  of  Gas- Lighting  for  November  1861.  4to. 

Mechanics'  Magazine  for  November  1861.  8vo. 

Medical  Circular  for  November  1851.  Hvo. 

Practical  Mechanics'  Journal  for  November  ibtil.  4to. 

8t  James's  Medley,  No.  88.  1861.  8va 

TecfanolAgist  for  November  1861.  8vo. 
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Faraday,   Pntfettaty  IXCZ.  F.J?.S.^AeadeBiie  der  WiwmclMiltoi.  Wians 

Math.-Nat.  Classe.    Sitzungsbcrichte,  1860.    No.  89.   1861.  AMb^oog  L 

No.  3k  4.  5.   AbUieilaug  il.   No.  3, 5,  6,  7.  8vo. 
Alnuoach  fttr  1861.  12ta 

Mcmorie  del  la  Beale  Aorxlanie  ddto  SeUnse  di  Torino.  IP  Seile.  Tome  XIX, 

4to.  \m\. 

I^nklia  Institute  0/ rennstflvaiua.^Jo\iniii\,\o\.XLl\l.    No.  4.    8vo.  1861. 
O§omfhical  Society,  Royal-^Pvoeeefiiiigs,  Vol.  V.  No.  ft.   Sra  1861. 

Gmoffiojl  Societu — Journal,  No.  68.    8vo.  1861. 

Hornet,  Dr,  J.  {tM  ^tiXA«r>--Bulw>p  Watson  and  the  Electric  Telegraph.  (0  10) 
]6to.  1861. 

Hamilton,  Sir  CharU*  J.,  BaH.  C*B,  M.S.L^Uealt.'CtA.  W.  Gongim  on  Houit- 

\rifr  Naval  Ordnance.   4to.  1811. 
Horticultural  Society,  Royal — Proceedingf,  No.  30.   Svo.  1861, 
Jovis,  Swyn/en,  Im.  M,E,I,  {the  AtUhery-^'PnptmA  Emendatlont  of  die  Text  of 

Shakespeare's  Plays.    (K  87)    Svo,  1861. 
Kupffer,  A,  T.  (the  i>irecfor)— Annales  de  TObienratoire  Physique  Central  de 

Rnnie :  1858.   2  vols.   4ta  1861. 
Comptes  Rendos,  1859»  1860.  4ta 
Mackie,  S.  J.  Eiq.  KG.S.  (the  Editor)— The  Geologist  for  November  1861. 
Macrory,  Edmund,  Esq.  M.A.  M.R,I.  {the  Author}— A,  Few  Notes  on  the  Temple 

Organ.  Snd  E^tlon.  limo.  1881. 
Mechanical  F-jujincers*  Tnstttutirm,  Birmingham — ProceeOlinrr^,  1*^49-61.  8va 
Newton,  Mt&srs. — London  Journal  (New  Series)  for  November  1861.  8va 
North  of  England  Inetitute  of  Mining  Engineere — Transactions,  Vol.  IX.  8to.  1861. 
Parte,  'H.R.ff.  the  Count  ^MJt.I.  {the  ^KlAor)— Danias  et  le  Libau.  ExtniM 

du  Journal  d'nn  Voyage  en  Syrie  ait  printcraps  de  1860.    8vo.  1861. 
Petertminn,  A.  Enq.  {the  Editor) — Mittheilungen  anf  der  Gesammtgebiete  der 

Geographie.   1861.  Na  la   4IUk  1861. 
Philadelphia,  Aemlmw  ^  ifotarol  Mnose^Joonal,  Toln  VL  wid  VIL  8m 

1828-87. 

Proecedmgs  for  1857-61.   5  vols.  8m 

Dr.  W.  Raschenberger— Notice  of  the  OngWt  ProgiMi,  and  PWMBt  Oaoditioo 

of  the  Academy-.    8vo.  I860. 
Act  of  loooroordtion  of  the  Academy.   8vo.  1867. 

Catalogue  or  Hoaian  Ouda  In  Hm  Sodety't  If  atemiL  ^7  J.  A.  Mdgi.  8m 

1857, 

Photowaphic  Society— io\maL\,l^Q,  8vo.  1860. 

Royal  Society  of  Zendbn— Philosophical  Tramactions  fbr  I860,  Ftet  II.;  for  1861, 
Parti.   4to.  1861. 

Royal  Society  of  Tajmoaia— Resalts  of  Twenty  Yeaia'  Meteoralogical  ObaerratioQt 

at  Hobartoo,  1841.   4to.  1861. 
VjpeA  Royal  Society  t^Qamom-^fgn^  km.  8*  Bene.  Vol  III.  4ta  1881. 

AiHkrilt  8m  1881. 
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1862. 

SPECIAL  GENERAL  MEETING, 

Moaday,  Jamiaiy  18,  1862. 

The  Bev.  John  Barlow,  M.A.  F.R.S.,  Vioe-3EVerideiit, 

in  the  Chair* 

The  following  Address  to  Her  Majesty  the  Queen,  in  reference 
to  the  decease  of  H.B.H.  the  Prince  Coksobt,  Viee-Patron  of  the 
Koyal  Institutioii,  on  Deeember  i4tb,  1861,  was  read  and  anammoadj 
adopted: — 

**  To  TBB  QosBi's  Mmt  £iobuueiit  Hunnr : 

"  May  It  piMie  Tour  H^jeiqri 

«  Wb,  the  Memben  of  the  Bfijal  lailitQtioD  of  Greet  Britam,  respectfaUy 
dcnre  to  express  to  Yoor  M^esty  oor  grief  Ibr  tke  loss  which  has  fhllea  upoo  the 
Kiagdom,  upon  ear  tnBtitatioii»  aadi,  with  eseeeding  wdgbt*  npoa  Toer  MaJesiy 

penonally. 

**  May  it  please  God,  -wbo  grants  consolation  in  His  own  due  time,  to  give  it  to 

Your  Majesty,  even  while  Your  thoughts  are  direot^Ml  towards  Flim  that  is  pone, 

ami  may  tlie  recollection  of  our  Prince's  doinps  wliilst  in  life,  have  an  :i!>i(ling 

iutiuence  fur  good  upon  tku  imuiy  miiiiuns  whu  iiave  heard  ul  aud  rejoiced  iu  Ilis 
 *t 


WEEKLY  EVENING  MEETING, 

Friday,  January  17, 1862. 

S»  Hnau  Hoijjjid,  Bart.  M.D.  D.C.L.  FJftj^  Vioe-President, 

in  the  Chair. 

John  Tyndall,  F.R^.  &c.  Ac 
raoFsans  ot  iuzvbai.  naumna  at  m  aoijx  laawiwiun, 

On  tke  Abiorptkm  and  BaeUaHon  of  Heai     Gaseaui  Matier, 

Rnmnro  with  a  new  apparatus  hla  experiments  on  the  influence  of 
Chemical  Combination  on  the  Absorption  and  Radiation  of  Heat  by 
Gaaee,  the  speaker,  in  the  inveetigation  of  which  the  evening's  di*> 
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oonne  would  be  a  rhumi,  first  examines  the  deportment  of  ehlorino 
as  compared  with  hydrochloric  acid,  and  of  bromine  as  cotopsrctt 

with  hydrobroinic  acid,  and  finds  tfiat  the  act  of  CDinblnation  which 
in  each  of  tliesf  two  cases  notnhly  diniinisljes  the  density  of  tlie  gas 
and  renders  the  cu loured  gtis  perfectly  transparent  to  lig)it.  renders  it 
more  opaque  for  obscure  heat  lie  also  driiws  attention  lo  the  fact 
that  sulphur,  which  is  partially  opaque  to  light,  is  transparent  to  54 
per  oeot  of  the  lays  laBuing  from  a  souTce  of  100  C,  while  its  eom- 
pouid)  heavy  epar,  which  is  sensibly  transparent  to  light,  is  quite 
opaque  to  the  ray  ^  from  a  souroe  of  100  C.  He  demonstrates^  in 
confirmation  of  Melloni,  the  transparency  of  lampblack  in  thin  layers  ; 
but  shows  how  irrccoTH'ilable  its  deportment  to  radiant  heat  is  with 
the  idea  generally  prc'\  al(  nt  at  tlie  }»rcsent  day,  that  lampbhick  ab- 
sorbs heat  of  all  ki[id>  with  the  same  intensity. 

All  his  experiuiuutii  with  guses  have  been  re^>eated  with  a  diSerent 
source  heiU,  and  he  finds  the  resalt  still  more  pronounced  tiian 
formerly,  that  the  compound  gases  ihr  transcend  the  elementary  ones 
in  absorptive  power.  Taking  air  as  unity,  ammonia,  at  30  inches 
tension,  is  1195,  this  latter  figuro  ropresenting  ad  the  heat  that  issued 
from  the  source.  A  layer  of  ammonia,  3  feet  long,  is  perfectly  black 
to  heat  enianatifi«?  from  im  obseorc  source.  The  coloured  ^ases, 
chlorine  and  bromine,  tli  uigh  much  superior  in  absorptive  power  to 
the  transparent  elementary  gases,  are  exceed^  in  tliis  respect  by 
every  compound  gas  that  has  been  hitherto  examined.  When,  instead 
'  of  tensions  of  SO  inches,  we  compare  tensions  of  1  inch,  the  diff^nees 
between  the  gases  come  out  still  moro  strikingly.  At  this  tension, 
for  example,  the  absorption  of  sulphurous  acid  is  eight  thousand  times 
that  of  air. 

The  speaker  also  referred  to  a  new  and  extensive  series  of  ex- 
periments on  tiie  Absorption  of  liadiant  Heat  by  Vajxiurs.  The  least 
energetic,  as  before,  he  finds  to  be  bisulphide  of  carbon ;  the  most 
energetic,  boracic  ether.  He  shows  that  tiie  absorption  of  the  latter 
vapour  (which  is  quite  transparent)  at  0*1  of  an  inch  of  tension 
is  600  tiroes  the  absorption  of  the  densely  coloured  vapour  of  bromine^ 
while  in  all  probability  it  is  186,000  times  that  of  air. 

The  speaker  was  led  by  a  series  of  perplexing  experiments,  which 
are  fully  des:cribed  in  n  ^femoir  recently  presented  to  the  Koyal 
Society,  to  tlie  solution  t»t  the  following  remarkahle  atid  at  first  sight 
utterly  pr*radoxical  problem-"  7b  detcrfnine  the  absorption  and 
radiaiion  of  a  gas  or  vauour  unthout  any  source  of  lieal  exlenuU 
lo  Ifte  gaseous  body  Uieffl 

When  air  enters  a  vacuum  it  is  heated  by  the  stoppage  of  its 
motion  ;  when  a  vessel  containing  air  is  exliattsted  by  an  air-pump, 
chilling  is  produced  by  the  application  of  a  portion  of  the  heat  of  the  air 
to  generate  vis  vira.  Let  us  call  the  heating  in  the  first  case  dynamic 
heating,  and  the  chilling  in  the  second  case  dynamic  chiHinir.  Let  us 
further  call  the  radiation  of  a  g-as  which  has  been  heated  (iynamically, 
dynamic  radiation,  and  the  absorption  of  a  gas  whicii  has  been  chilled 
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dynamically,  dyoamic  absorption.    PlaciDg  a  thermo^ectric  pile  at 

the  onrl  of  his  exi)eriTiiental  tiibo,  the  latter  being  exhausfpfl.  the  t^ffs 
to  bo  examined  is  ]HTirjitted  to  enter  the  tube  ;  the  gas  is  heated,  and 
if  it  [)«)>vess  iLiiy  ^oiisible  radiative  power,  the  pile  will  receive  its 
radiatiuu,  uud  the  gaivauumeter  connected  witii  the  pile  will  de- 
clare it 

Fnceedbg  in  this  way  with  gases,  Frofevor  Tpdall  foond  that 
the  radiation  thus  manifested,  and  which  was  sometimes  so  intense  as 
to  urge  the  needle  of  the  galvanometer  through  an  arc  of  more  than 
sixty  degrees,  followed  the  exact  order  of  the  absorptions  wliich  he  had 

already  determined.  After  t!ie  beat  of  the  radiatinjr  column  of  gas 
had  wasted  itself,  the  air-pump  was  worked  at  a  certain  rate,  the 
rarefied  gas  within  the  tube  became  chilled,  and  the  face  of  the  pile 
turned  towards  tlie  chilled  gas  became  correspondingly  lowered  m 
temperature.  The  dynamic  absorptions  of  Tarions  ^aaes  were  thus 
determined,  and  thej  were  fbond  to  go  stiietly  hand  m  band  with  tlie 
dynamic  radiation. 

In  the  case  of  vapours  the  following  metliod  was  pursued.  A 
quantity  of  the  vapour  sufficient  to  depress  the  mercury  column  0*5  of 
un  inch  was  admitted  into  the  tube,  and  this  was  heated  dynamically 
by  aUowiiip:  dry  air  to  enter  till  the  tube  was  filled.  The  radiatit»u  of 
the  vapours  thus  d(  termined  i'uliowed  exactly  the  same  order  as  the 
absorption  which  had  already  been  measured.  The  dynamic  absorp- 
tion of  the  vapour  was  obtained  by  pumping  out  in  the  manner  just 
described,  and  it  was  found  to  follow  the  same  order  as  the  dynamic 
radiation.  In  these  experiments  the  air  bore  the  same  rdationshtp  lo 
the  vapour  that  a  polished  silver  surface  does  to  a  coat  of  varnish  laid 
over  it.  Neither  the  silver  nor  the  air,  both  of  which  are  elements  or 
mixtures  of  elements,  possesses  the  power  of  agitating  in  any  marked 
degree  the  luminiferous  ether.  But  the  motion  of  the  silver  beitfg 
communicated  to  the  varnish,  and  the  motion  uf  the  air  being*  eonunu- 
uicated  to  the  vuiKjur,  molecules  are  agitated  which  have  the  power 
of  disturbing,  in  a  very  considerable  degree,  the  ether  in  which  they 
swimr. 

The  speaker  finds  by  strict  ezperiments  that  the  dynamic  radia- 
tion of  an  amount  of  boracic  ether  vapour,  possesring  a  tension  of  only 
nrrnimnr?^  atmosphere  is  easily  measurable.  He  also  shows 

and  OTplains  the  fact  that  with  a  tube  33  inches  lonir,  tlie  dynamic 
radiuiion  of  acetic  ether  considerably  exceeds  tliat  ot  oletiant  ^ras  ; 
while  in  a  tube  3  inches  long,  the  dynamic  radiation  of  olefiant  gas 
considerably  exceeds  that  of  the  eiiier.  Aqueuu:^  vapour  has  h^u 
subjected  to  a  special  examination,  and  Proressor  Tyudall  finds  it  a 
common  fiMSt  for  the  aqueous  vapour  contained  in  the  atmosphere  to 
exercise  60  times  the  absorption  of  the  air  itself.  The  further  he  has 
pursued  his  attempts  to  obtain  perfectly  pure  and  dry  air,  the  more 
has  the  air  approached  the  character  of  a  vacuum,  lie  further  points 
to  the  possibility  of  determining  the  temperature,  of  space  by  direct 
experiment. 
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Soeots  of  Tariout  kinds  have  been  ezamined.  Dry  air  was  passed 
over  bibnlous  paper  moistened  by  the  essential  oils,  and  carried  into 

the  experimeatal  tube.    Small  as  the  amount  of  matter  here  entering 

the  tube  is  known  to  be,  it  was  found  that  tjie  absorption  of  radiant 
lieat  by  t!ios«  odours  varies  from  3U  limes  to  372  times  that  of  the  air 
wliich  formed  the  veliicle.  The  speaker  remarked  that  the  absorjUion 
of  terrestrial  rays  by  the  odour  of  a  flower-bed  may  exceed  in  amount 
that  of  the  entire  oxygen  and  nitrogen  of  the  atmosphere  above  the 
bed. 

Oxone  has  aUo  been  snbjeeted  to  examination.   The  substance  was 

obtained  by  the  electrolysis  of  water,  and  from  decomposing  cdls  con- 
taining electrodes  of  various  sizes.  Calling  the  aetion  of  the  ordinary 
oxygen,  which  ejjtered  the  experimental  tn1in  with  the  ozone  unity,  the 
absorption  of  the  ozone  itself  was  in  six  ditterent  experiments, — 21, 
47,  65,  8."),  13().  The  augmenting  action  of  the  ozone  accompanied 
the  diniinulion  of  tlie  sizn  of  Uut  electrodes  used  in  the  decompot»ing 
cells.  Professor  Tyndall  points  out  the  perfect  correspondence  <n 
these  last  resolts  with  those  of  M.  Meiduiger  by  a  totally  different 
method  of  experiment. 

[J.  T.] 


WEEKLY  EVENING  MEETING, 
Friday,  January  24,  1862. 

Tub  Ebv.  John  Bablow,  M.A.  F.B.S.  Vice^Prerident, 

in  the  Chair. 

GxoBos  Bounroir,  M.D. 

On  the  Ajfinities  wid  Differences  between  the  Brain  of  Man  and  the 

Braine  of  certain  Animals, 

The  speaker  havinor  commenced  by  giving  a  short  fxpIaiialiDii  of  Ids 
diagrams  of  hunutii  and  other  brains,  proceeded  to  enumerate  the  several 
sets  of  opinions  which  men  might  bring  with  them  to  an  investigation 
of  his  subject.  It  was  possible  to  combine  either  Tiew  of  the  origin 
of  species  with  either  of  the  two  creeds  of  the  idealist  or  of  the 
materialist ;  and  to  the  four  sets  of  opinions  thus  made  up,  a  fifth-^ 
that  of  Positivism — must  be  added.  It  was  not  asserted  that  these 
oonflicting  theories  could  all  he  true  sinuiltancously  ;  but  the  fiwis  to 
be  detailed  were  elastic  enough  to  bear  comprts»iou  within  any  one  of 
those  formulae. 
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Begiuning  with  the  internal  anatoinv  of  the  brains  which  he  had  to 
compare  and  cootraat,  the  speaker  said  that  the  questioa  ai  between 
maD  and  the  ape  might  be  stated  thus : — ^Has  the  ape  sach  a  biradiate^ 
two-homed  ventrieular  cavity  within  its  braiu  as  has  the  dog,  or  has  it 
not  rather  such  a  one  as  has  man  himself,  triradiate  and  three-homed  ? 
15y  llie  aid  of  drtiwin^rs  of  dissected  brains  of  the  dog,  of  an  old-world 
and  of  a  ucw-w  nrld  monkey,  and  of  man,  it  was  seen  that  the  interior 
of  tiie  sinuous  biuia  was  even  more  pre-eminently  a  three-Jiorned 
cavity  than  was  that  of  the  human  brain ;  and  that  the  new-world 
monkey  contrasted  with  man  to  even  greater  advant^tge  in  this,  and  the 
disputed  point  of  the  dosely-allled  hippocampas  minor,  than  did  the 
much  more  anthropomorphous  old-world  ape.  Tiedemann's  retracta- 
tion of  his  error  as  to  iik%  processus  digUati  of  the  greater  hippocampus 
was  alluded  to;  the  speaker  insisting  that  though  such  discoveries 
and  rectitications  might  seem  of  weight  and  consequence  to  persons 
imbued,  as  was  Tiedemann,  witli  materialistic  views,  they  possoeedno 
anthrcipological  interest  whatever  for  the  idealist. 

Certain  anatomical  plates  of  Kustachius',  published  some  loO  years 
ago,  were  shown  to  give  representations  of  the  interior  of  the  human 
brain  which  coindded  in  all  points  with  Bgores  of  the  interior  of  the 
braiu  of  the  orang,  which  had  been  published  within  the  current  month 
by  two  Dutch  anatomists,  in  the  £nglish  *  Natural  History  Review.' 

Passing,  then,  from  the  anatomy  of  the  internal  to  that  of  the 
external  surface  of  the  brain,  tlje  speaker  said  that  the  points  of  acT»»e- 
inent  and  of  difference  upon  wliich  he  sliould  have  to  dwell  could  be 
arranged  under  two  lieads — either  they  were  such  as  liie  eye  could 
judge  of  even  though  its  owner  were  not  an  anatomist  ex  professo, 
depending  as  they  did  upon  general  outline  and  configuration ;  or  they 
were  such  as  a  deeply-going  analysis  of  the  convolutions  alone  could 
elicit. 

Under  the  first  head  were  enumerated  the  more  elegantly  ovoidal 
and  tapering  shape,  tlif^  more  accurate  semicircularity  of  the  su])erior, 
and  the  iiTegularity  of  the  inferior  boundary  line,  as  signs  of  detect 
and  diminishment  in  the  ape*s  brain  ;  but  the  outcropping  of  the 
cerebellum  from  beneath  the  overlying  cerebral  hemispheres,  whidi 
bad  been  so  much  in^ed  upon  as  a  distinctive  mark  of  the  inferiority 
of  the  simious  encephalon,  was  shown  to  depend  largely  upon  the 
changes  of  relative  position  which  the  several  masses  of  nervous  matter, 
comprised  under  the  one  term  "  encephalon,*'  undergo  when  they  are 
removed  from  their  supporting  bniifi-cnsf*. 

Tho  absolute  necessity  of  comparmg  the  contiguration  and  propor- 
tidiis  ot  brains  preserved  in  spirits  with  the  configuration  and  propor- 
tions of  plaster-casts  of  the  cavities  they  occupied  during  life,  was 
dwelt  upon  with  special  reference  to  Mr.  Marshall's  observations  upon 
this  point  in  the '  Natural  History  Review '  for  July,  1 861.  It  was  in 
the  gorilla  alone  of  the  Simiadee  that  M.  Gratiolet  Comptes  Rendus,' 
1 860,  p.  808)  had  found  the  posterior  cerebral  lobes  doing  otherwise 
than  **reQOttvrant  oompl^tement  )e  cervelet}"  and  it  was  this  peouli* 
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arily,  tugtiUier  witii  other  cUaracieruitics  of  its  encephalon  aud  other 
strucUirety  wMeh  had  Indaeed  Urn  to  apeak  of  it  aa  the  last,  the  meet 
degraded  of  all  the  anthroiMniiorpluMia  apes aod  to  dais  It  ivith  the 
baboons,  whilst  ho  ranked  tiie  chimpeDiee  with  the  macaqoes^  and  the 
oraog  with  the  gibbons. 

The  last  point  of  general  configuration  and  mea*!nrpment  in  which 
the  simious  was  contrasted  with  the  humnn  inain  was  tlint  of  their 
several  altitudes;  and  it  was  shown  that  wliiiist  men  differed  but  little 
inter  se  m  to  the  height  of  their  brains,  it  was  precisel)f  iu  this  very 
dimension  that  they  differed,  perhaps  more  widely  than  in  any  other, 
fiom  all  apea  whatsoever. 

After  expressbg  hie  sense  of  the  obligations  which  anatomy  owed 
to  M.  Gratiolet's  analysis  of  the  cerebral  convolutions,  the  speaker 
proceeded  to  give  in  detail  the  points  of  resemblance  and  of  contrast 
which  tlmt  analysis  had  enabled  us  tu  detect  as  subsisting  between 
human  or  simions  brains.  The  chief  ]xjints  in  which,  under  this  head, 
the  human  was  seen  to  contrast  to  advantage  with  the  ape's  biaiu  were 
two.  First :  The  absence  in  man  of  the  external  perpendicular 
fissure,"  or,  in  other  words,  the  filling  up  in  him  of  what  Is  more  or 
less  of  a  cliasm  In  the  ape,  by  a  large  quadrangular  mass  of  convolu* 
tions.  Second :  The  much  greater  size  and  complexity  of  the  frontal 
lobes.  Bat  it  was  shown  that  tlu  e  differences  affected  what  have 
been  called  "  secondary  "  and  "  tertiary  '*  convolutions,  and  indeed 
the  latter  of  tliese  chiefly,  whilst  the  "primary'*  convolutions,  the 
great  typical  lines  and  ridges,  were  the  same  in  U)ih  classes  of  brains. 
The  apparatus  fur  ihe  mechanical,  (and  possibly  also  physiological,) 
unification  of  the  hemispheres,  which  is  known  as  the  cofjms  eaSotum^ 
was  stated  to  have  in  man  just  double  the  sectional  area  which  it  liad 
in  the  apes ;  whilst  the  veiy  lowest  weight  which  an  adult  and  healthy 
human  ence|ihalon  was  recorded  to  have  fallen  to,  was  yet  double,  and 
more  than  double,  of  the  very  highest  wliich  liad  ever  been  attained 
in  the  weighing  of  an  ape's  brain. 

The  results  of  the  anatomical  investigation  were  summed  up  thus. 
"  This  doubly  and  more  than  doubly  greater  weight,  the  doubly 
greater  corpus  calloeum,  that  subquadrate  lobule,  lettered  a  and  in 
the  diagram,  those  complexly  oonvoluted  frontal  iDbes,  1, 2,  and  are, 
I  believe,  the  four  great  pomts  in  which  the  human  brain  asserts  its 
superiority  over  that  of  the  ape/' 

The  metaphysical  or  anthropologicxl  bearings  of  the  investigation 
might  be  summed  up  thus.  TTow  similar  soever  the  simious  Tiiij^ht 
be  shown  to  be  lo  the  human  hrain,  the  argument  wliich  Kossuet  drew 
thence  for  the  ^seutial  difiereiice  between  mind  aiid  niatter,  would 
but  be  rendered  the  stronger.  li  organs  are  common  to  man  and  to 
brutes,  one  is  necessarily  forced  to  the  eooctunoo  that  intelligence  is 
not  attached  to  organs;  and  the  cogency  of  this  argument,  M.  St. 
Hilaire  remarks,  increases  as  the  number  of  oigans,  common  to  tiie 
two  sobjects  of  comparison,  becomes  more  numerous  aod  their  resem- 
blance more  strilung. 
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Thti  anatomist,  however,  though  not  obliged  to  coDcede,  could  jet 
afford  to  argue  upon,  the  assumption  that  mind  and  matter  always 
vary  conoomitantly*  For,  granting  this,  it  by  no  means  followed,  that, 
of  the  two  terms  of  the  comparison,  mind  was  the  second,  twdy  the 

first.  The  e^ts  of  prolonged  mental  states  of  different  natures,  the 
operation  of  education  in  marring  or  in  elevating  the  physical 
features,  tlie  instinctive  value  wliicli  we  all  give  to  physiognomy, 
wliother  beiure  us  in  actuality,  or  reproduced  and  pr^serve(l  for  us 
by  art,  as  att'ording  imlications  of  character,  were  glanced  at  as  lines 
of  evidenci;  to  show  tliat  the  miud  might  modify,  whilst  the  body  wai* 
adapted  ;  that  the  iomoaterial  might  fashion,  whilst  the  corporal  was 
conformed  into  accordance  with  it  *^A11  alike,  when  eoMly  and 
dispassionately  viewed  as  concomitantly  varying  phenomena,  lead  us 
to  hold  that  oar  higher  and  diviner  life  is  not  a  mere  result  of  the 
abundnnee  f)f  our  convolutions.  How  harmony  may  have  come  to 
exist  l)etween  them  onr  faculties  are  incompetent  either  to  decide  or 
to  discover  ;  but  this  bliorl coming  of  man's  intelligence  affects  neither 
his  duties  nor  his  hopes,  ueitlier  his  fears  uor  his  aspiratious.'* 

[G.  B.] 


WEEKLY  EVENIJSG  MEJs^iX^G, 
Friday,  January  31,  1862. 

WiuiAM  PoLB,  M«A.  F.R.S.  Treasurer  and  Vioe-fresidenty 

in  the  Chair. 

WiLUAM  HoFKiivs,  Eflq.  M*A.  F.B.S. 

On  ilie  Motion  of  Glaciers, 

In  the  introductory  part  of  tlus  discourse  Mr.  Hopkins  insisted  on  the 
necessity  of  a  more  exact  definition  of  terms,  and  more  accurate 
modes  of  mechaniod  reasoning  than  those  which  had  too  often  charao* 
terized  the  discussion  of  glacial  phenomena.  Nor  had  careful  experi* 
mental  investigations  respecting  the  properties  of  ice  been  adequately 
appreciated  in  laying  the  foundations  of  theories  of  elacial  motion, 
till  the  experiments  of  Mr.  Farrirlay  and  Dr.  Tyndafl  reminded  n<? 
how  defective  and  erroneous  miglit  be  our  conceptions  on  this  subject 
without  the  guidance  of  sucii  careful  research.  These  experiments 
liad  revealed  to  us  a  property  of  ice,  tliat  of  regelatiou,  of  wiiieU  we 
were  previously  entirely  unconscious^  though  it  is  now  probably  re- 
cognized by  nearly  all  glacialists  as  the  fundamental  property  by 
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means  of  which  a  glacier  preserves  both  the  continnity  of  its  motion 
and  that  of  its  mass  in  a  degree  with  whicii  the  oxicrnal  coiulitions 
under  which  it  is  placed  might,  at  first  sight,  appear  to  be  totally 
inconsistent.  Attempts  had  been  made  to  confound  the  explanation  of 
glacial  motion  which  mts  on  the  property  of  regeUtion,  with  that 
afibrded  by  the  property  of  the  asBumed  viooonty  of  ice  according  to 
the  viwsoua  theory.  The  speaker  first  endeavoured  to  remove  this 
vague  and  erroneous  impression  by  a  more  careful  definition  of  the 
terra  viscous^  as  expressing  a  delerminate  property  of  the  aggregates  of 
material  particles  which  constitute  bodus.  He  remarked  that  any 
body  iiii*^)it,  in  a  greater  or  lets  degree,  be  extended  by  tension,  com- 
pressi'd  l)y  ijrtssure,  or  angularly  distorted  by  forces  acting  in  couples. 
The  same  might  be  asserted  of  eveiy  indefinitely  small  element  of  the 
hodV)  the  volume  of  which  would  be  inereased,  and  its  density 
dimuisbed  by  tendon,  and  the  oppoate  effects  would  be  produced  by 
pressure,  while  the  forces  aotiiig  as  couples  would  distort  or  twist  the 
element  without  changing  its  volume  or  density.  It  might  be  said  in 
general  term^^  thnt,  if  the  force  required  to  produce  anv  of  tliMse 
changes  of  volume  or  form  in  the  elements  composing  the  body  were 
comparatively  large,  the  body  was  solid;  if  the  required  force  were 
much  smaller,  the  body  might  be  termed  plastic^  or  if  smaller  still, 
vUeom  or  semifimd,  Bigidiijf  would  be  the  limit  of  solidity,  and 
perfect  fluidity,  that  of  imperfect  fluidity,  two  limits  which  of  course 
were  never  attained  in  nature,  since  in  the  first  case  an  infinite  force 
would  be  required  to  produce  any  relative  displacements  of  the  con* 
stittient  particles;  and  in  the  second,  such  displacement  might  be  pro- 
duced by  a  force  which  should  be  infinitely  small.  Such  definitions, 
however,  wuuld  be  far  too  vague  and  indeterminate  for  our  immediate 
purpose.  If  we  would  designate  by  any  of  these  terms  determinate 
properties  of  a  body,  we  must  endeavour  to  give  to  the  definitions  of 
them  a  degree  <^  determinateness  oorrespoiKling  to  that  ie(|uired  in 
the  piopertiea  to  be  expressed.  When  a  body,  or  each  of  its  com- 
ponent elementary  portions,  was  aflfeeted  by  pressures  or  tensions  as 
above  described,  such  pressures  or  tensions,  whether  acting  externally 
or  internally,  were  called  forces  of  (Hsplacemeiit.  If  snrh  forces  were 
of  sufficient  magnitude,  they  would  of  course  disliM  Mtc  the  mass  on 
which  they  acted  ;  but  in  these  dehniLious  ihey  were  not  supposed 
sufficient  to  prodace  any  kind  of  dislocation,  but  only  a  distortion 
from  the  forms  which  the  body  or  its  component  elements  would  have, 
if  acted  on  by  no  external  forces  whatever.  When  thus  distorted, 
every  element  of  the  mass  would  exert  a  certain  force  to  regain  its 
undutorted  form  and  position.  This  force  was  usually  termed  the 
fore*'  nf  restitution  ;  in  its  greatest  limit  it  wmild  he  ofjual  to,  but  was  in 
fact  alwMvs  Ipss  tfian  the  force  of  displucemeut.  i  he  ratio  (less  than 
unity)  wliieh  it  bore  to  the  former  force,  measured  what  is  termed  the 
elasticity  of  the  mass.  But  it  was  to  be  observed  that  this  property  of 
a  body  might  not  only  be  diffbrent  at  different  points  of  it,  if  the  body 
were  not  homogeneous,  but  that  it  might  be  di^rent  at  the  same  point 
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for  different  modes  of  displnopmpnt.  Thus  if  the  body,  or  any  of  its 
elements,  were  compressed,  tlie  elasticity  developed  might  not  he  the 
same  as  if  it  were  extrnded.  or  as  if  it  were  twisted  or  contorted 
without  a  change  of  volume.  Thus  hard  bodies,  like  wood,  metal, 
stone,  &.C.J  would  usually  exhibit  nearly  the  same  araouut  of  elasticity 
whether  they  were  eompreved  or  extended,  provided  the  coropreswon 
or  extension  should  not  exceed  certain  nnall  limits.  On  the  contrary, 
semtflttid  masses  generally  exert  a  laige  force  of  restitution  when 
under  compression,  but  a  very  small  one  when  extended,  t.  e.  in  the 
former  case  the  elasticity  deve1o]rrd  is  very  large,  in  the  latter  it  is 
very  small.  And  again,  if  a  seniiHuid  mass,  such  as  soft  paste  for 
instance,  or  any  portion  of  it,  were  angularly  distorted  without  altera- 
tion of  volume,  it  would  exhibit  but  a  small  amount  of  elasticity,  and 
little  or  no  tendency  to  regain  its  original  form  and  position.  !\rure- 
over,  in  the  dass  of  substances  first  mentioned,  such  as  wood,  metal, 
Ac.,  the  eohmve  power  was  very  great,  while  it  was  manifestly  small 
in  the  others. 

With  the  preceding  preliminary  observations,  it  was  easy  to  define 
with  the  required  derrreo  of  eyactTU'S's  the  terms  solid  and  plastic^  or 
risrorfs.  When  a  substance  admitted  of  only  a  small  extension  without 
being  dislocated,  and  of  only  a  small  compression  without  being 
crushed,  and  having  its  structure  destroyed ;  when  its  cohesion  m 
opposing  direct  tension  or  torsion  was  comparatively  great,  as  well  as 
its  power  of  renstanoe  to  direct  pressure ;  and  also,  when  the  elasticity 
developed  hy  each  of  the  three  displacements  or  changes  of  form 
above  described — then  might  such  a  substance  be  emphatically  called 
solid.  To  define  the  term  plastic,  it  was  most  simple  to  conceive  the 
form  of  the  ma<;«j,  or  of  its  ohMnents  to  be  changed  by  angular  distor- 
tion alone  without  any  ciian;z<'  <  >t  volume.  In  such  case,  if  the  cohesive 
jK>vver  resisting  this  change  sliould  be  small,  and  the  elasticity  developed 
by  it  should  become  sensibly  =  zero ;  and  if,  moreover,  the  substance 
should  be  able  to  bear  any  number  of  repetitions  of  this  change  of 
form,  and  therefore  an  indefinite  elongation  without  rupture  and  dis> 
location-^then  might  it  be  emphatically  termed  plastic.  In  all  such 
substances  in  nature,  the  force  of  displacement  for  the  change  of  form 
here  described  would  always  be  small.  Viscosity  might  be  regarded, 
so  far  as  we  were  directly  concerned  with  these  properties,  as  a  higher 
degree  of  plasticity.  A  viscous  body  would  dlfi'er  from  a  plastic  one 
only  so  far  as  the  required  force  of  displacement  should  be  smaller. 
Tar,  soft  paste,  and  fluid  lava  alTorded  obvious  examples  of  ])lasuc  or 
viscous  substances.  When  the  relative  positions  of  their  component 
partides  were  disturbed  they  exhibited  no  sensible  elasticity,  and 
made  no  effort  to  regain  the  position  from  which  they  had  been  dis- 
turbed. They  admitted  of  any  degree  of  elongation  without  cliaage  of 
volume  or  discontinuity  in  th(Jr  mass. 

The  most  important  diameter  of  plasticity  was  the  ab<onro  of  all 
elasticity  when  the  particles  of  a  body  were  displaced  without  eliaofre 
of  volume,  and  the  consequent  capability  of  an  indefinite  extension  of 
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the  mass  without  dislocatioo.  So  far  this  property  was  as  definite  as 
that  of  fluidity.  lo  nature  the  cohesive  power  of  plastic  bodies  was 
Mnenlly  oompaiatively  small,  but  this  was  a  less  definite  and  less 
important  character  than  the  other*  With  respect  to  ice,  the  question 
before  us  was  this  :  Is  glacial  ice  a  solid  or  a  piaiUe  substance,  accord- 
ing to  the  definitions  which  had  just  been  given  of  those  terms  ? 
Whether  others  might  agree  to  those  definitions  or  not  wns  immaterial, 
for  they  were  here  used  to  denote  the  exact  properties  wliich  they  had 
been  defined  to  express.  Taking  tliem  in  this  sense,  it  would  seem 
to  be  impossible  to  say  that  ice  was  not  distinctly  solid.  It  breaks  into 
an  indefinite  number  of  fraaments  vhen  crushed,  and  wiU  bear  only 
a  small  elongation  without  naeture.  But  these  were  the  properties 
of  a  solid,  and  those  which  are  directly  antagonistic  to  the  properties 
which  could  alone  justify  our  designating  any  proposed  substance  as 
plastic,  without  a  violation  of  all  the  strictness  of  scientific  Innn-najje 

It  would  seem  not  impi  ub  ii)!!  ,  Mr,  Hopkins  proceeded  i<>  st  iie, 
that  the  advocates  of  the  Viscous  1  heory  had  reserved  to  thenisi  1\  es, 
as  it  were,  a  more  comprehensive,  and  consequently  a  mure  vitgue 
and  indeterminate  meaning  for  the  terms  viscous  and  plastic.  The 
defect  of  that  theory  was,  hi  hxA,  that  it  gave  no  definition  of  the  term 
by  which  it  desi^ated  tlie  property  of  ioe  on  which  it  was  founded. 
When  such  definition  was  demanded,  it  was  said  that  glacial  ice  must 
be  viscous,  becnnsc  a  glacier  was  capable  of  adapting  itself  lo  the 
inequalities  of  the  valley  containing  it.  as  if  it  were  viscous.  This 
was  equivalent  to  the  assumption  tliat  ice  possessed  nu  otht  i'  pr(i|)erty 
by  virtue  of  which  a  glacier  uiii^hL  change  its  form,  without  losing  ita 
^  continuity,  and  thus  adapt  itself  to  external  conditions  as  if  it  were 
Ytscous.  Dr.  Tyndairs  experiments  showed  at  once  that  ice  did 
possess  such  a  property — that  of  regelaiion^hy  virtue  of  which  a 
glacier,  after  being  crushed  and  broken  by  any  unusual  compression  to 
which  it  might  be  exposed,  perfectly  regained  by  pressure  and  contact 
its  contirniiry  n«  -i  vitreous  or  cryst;dline,  hard,  and  brittle  mass.  It 
was  this  jiliunomeiioTi,  appir(  ntly  so  inexplicable,  that  formed  till 
recently  tlie  great  stunibluig-block  in  our  glacial  theories.  It  was  to 
meet  this  difficulty,  that  the  author  of  the  Viscotis  Theory  introduced 
the  fundamental  idea  of  that  theory,  the  viscosity  of  ice.  No  attempt 
was  made  to  establish  this  property  by  experimental  investigation,  in 
any  sense  in  which  it  might  be  applied.  It  was  only  founded,  as  had 
been  already  stated,  on  an  induction,  the  fallacy  of  which  was  imme- 
diately proved  by  Dr.  Tyndall's  beautiful  and  decisive  experiment. 
By  that  experiment  the  theory  of  ^hicial  motion  wns  made  to  rest  on 
a  property  of  ice,  established  by  clear  and  dctern)inate  expciiuic  iUal 
evidence,  instead  of  resting  on  a  property  which  was  never  proved,  and 
which,  if  it  meant  anything  definite,  appeared  to  be  in  opposition  to 
the  direct  evidence  of  our  senses. 

Still  it  might  be  said  thtit  there  must  be  substances  possessing  pro- 
perties similar  to  those  which  had  been  dengnated  by  the  terms  solid 
and  plastic,  but  intermediate  to  them.   This  was  doubtless  the  case ; 
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but  Mr.  Jlopkins  contended  that  there  was  not  t ho  slightest  evidence 
tlmt  ice  was  chnrncterized  by  any  such  ambiguous  property.  It  might 
bear  somewhat  mure  or  less  of  extension  or  compression  without  dis- 
location ;  experiment  had  not  yet  determined  that  point  with  exact- 
new.  Bot  it  might  at  all  events  be  deemed  certain^  that  ioe  poMeasee 
no  such  capability  of  elongation  as  really  plastic  substances  possessed, 
nor  such  as  wonld  lie  sufficient  to  accomit  in  the  least  degree  for  that 
elongation  of  the  marginal  parts  of  a  glacier  which  must  necessarily 
result  from  the  more  rapid  motion  of  its  central  portion. 

Again,  to  say  that  the  capability  of  a  glacier  to  move,  as  had  just 
been  stated,  was  due  to  the  breaking,  bruising,  and  tearing  of  the  mass, 
was  not  to  attribute  that  capability  to  viscosity  or  any  other  distinctive 
property  of  ice.  This  modus  cperandi  belonged  to  solid  and  not  to 
viscous  masses ;  and  was»  in  fact,  a  part  of  Sie  process  required  by 
the  regolatloQ  theory,  acoordlne  to  which  the  ice  of  a  glacier  must  be 
dislocated  by  tearing  or  crusning  as  above  described,  immediately 
regaining  the  continuity  of  its  mass  and  of  its  crj'stalline  strnrtnro 
by  regelntion.*  In  this  process  there  was  not  the  slightest  retereuce 
to  any  property  which  could,  in  any  received  meaning  of  the  term,  be 
callbd  viscosity. 

But,  the  speaker  proceeded  to  observe,  although  regelation  was 
unquestionably  the  property  of  ice  on  which  the  molecular  mobility  of 
a  glacial  mass  coojoincd  with  the  preservation  of  its  continuity  de- 
pended, it  was  not  the  physical  cause  of  the  general  motion  of  the 

glaciers.  That  cause  was  gravity,  tending,  first,  to  make  the  whole 
ntn*;??  slide  bodilv  down  the  r(nitaining  valley  ;  and,  secondly,  to 
make  the  upper  portions  of  the  mass  move  faster  than  the  lower;  ^ 
in  consequence  of  the  retarding  action  on  its  base,  and  the 
central  portions  to  move  faster  than  the  lateral  ones,  in  conse- 
quence of  the  retarding  action  of  the  sides  of  the  vallev.  De 
Saussure  had  been  the  first  to  suggest  the  sliding  of  glaciers  along  the 
bottoms  of  their  valleys ;  but  when  a  more  careful  attention  was  subse* 
quently  given  to  glacial  phenomena  by  M.  Agassiz,  Professor  Forbes, 
and  other.«5,  grave  and  apparently  insurmountable  objections  were 
urged  against  this  view  of  glacier  motion.  It  was  said  to  be  most 
improbable,  if  not  impossible,  that  a  glacier  siiould  descend  in  this 
manner  down  a  surface  inclined  to  the  horizon  at  an  angle  not 
unfrequently  less  than  5%  at  the  same  time  overcomine  numerous 
obstades  to  its  motion  ;  and,  moreover,  that  if  the  mass  did  so  move 
at  al!,  it  must  necessarily  be  with  an  accelerated  tnotion,  like  that  with 
which*  a  body  ordinarily  slides  down  an  inclined  plane,  and  then  be 
finally  discharged  frtmi  the  month  of  its  vallc}''  like  an  avalanche. 
But  whatever  apparent  force  might  belong  to  tiiese  objections,  tliey 
arose  fronj  an  erroneous  conception  of  the  rt^al  nature  of  the  mechani- 
cal problem  which  the  motion  in  question  presented  to  us.  In  tlie 
common  case  of  a  body  sliding  down  an  inclined  plane,  it  was  found 

*  Dr.  Tyndull  had  the  kiudncss  to  elucidate  this  procen»  by  repeating  his  ex* 

periment  on  regelatioQ  before  the  audicuce. 
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by  experiment  that  the  retarding  force  of  friction  was  independent  of 
the  body's  velocity,  which  consequently  went  on  constantly  increasing ; 
but  tins  result  involved  the  condition  that  the  surfaces  of  the  body  n»i(l 
of  the  plane  which  were  in  contact,  should  not  be  affected  by  their 
action  against  each  other.  Xow  this  condiiiuii  was  not  fnltiUtd  in  the 
cai»e  of  the  glacier.  The  temperature  of  its  wliole  mass  beyond  very 
small  depths  was  found  bj  observation  and  theoiy  to  remain  constantly 
at  the  freezing  point,  and  in  that  state  the  cohesive  power  of  ice  waa 
found  to  be  considerably  more  feeble  than  at  lower  temperattires. 
In  fact,  it  must  necessarily,  at  the  lower  surface  of  the  glacier,  be  con* 
stantly  in  a  state  of  disintegration  from  its  thawing.  Hence,  as  each 
successive  thin  layer  at  the  bottom  of  t!ie  muss  is  converted  into  water, 
tiie  mass  of  the  glacier  is  let  down,  as  it  were,  and  advances  through 
a  corresponding  small  space  along  its  inclined  bed.  At  the  same  time 
this  advance  must  depend  on  the  rate  at  which  the  ice  melts,  and  as 
that  rate  la  very  dew  and  uniform,  the  motion  of  the  glacier  must  be 
•low  and  nniforro  lilfewise. 

This  important  conclusion  was  not  left  to  mere  abstract  mechanical 
reasoning.  Mr.  Hopkins  had  verified  it  by  a  very  simple  experiment. 
He  j)l;ice<I  a  lump  of  ice  on  a  rough  paving  slab,  which  could  easily 
be  |)laced  at  ditierent  inclinations  to  the  horizon.  When  the  tempern- 
ture  of  the  surrounding  atmosphere  and  the  slab  were  beluw  liiat  of 
freezing,  the  lump  of  ice  remained  stationary  on  the  slab  at  all  inclina- 
tions less  than  about  2(f ;  at  greater  inclinations  it  moved  down  the 
alab,  as  in  ordinary  cases,  with  an  accelerated  motion.  But  when  the 
temperature  of  the  slab  and  of  the  air  was  above  the  freezing  tempera* 
lure,  the  ice  descended  with  a  very  slow  and  uniform  motion,  even  at 
inclinations  as  small  as  half  a  degree.*  The  greater  the  inclination 
of  the  plane  and  the  greater  the  weight  of  the  sliding  mass,  the  greater 
was  the  uniform  velocity  with  which  it  moved.  Mr.  Hopkins  reganled 
this  experiment  as  supplying  a  complete  answer  to  the  objections  above 
stated  against  the  slidiiig  motion  of  glaciers. 

That  glaciers  do  slide  over  their  beds  waa  indeed  establisfaed 
on  indubitable  evidence.  It  was  easily  seen,  on  examining  almost 
any  glacial  valley,  that  its  glacier  had  been  formerly  contiuued 
beyond  the  position  of  its  present  extremity,  far  below  which,  along 
the  sides  and  bottoms  of  the  valley,  were  ob>erved  the  rounded 
and  striated  surfaces  frequently  so  conspicuous  at  the  in  mediate 
termination  of  the  glacier,  wltere  they  were  manifestly  due  to  the 
sliding  of  its  general  mass.  Ail  valleys  in  which  aucient  glaciers 
were  ndieved  to  have  existed  lilcewxse  bore  the  same  testimony* 
But  the  most  direct  evidence  of  this  fact  is  to  be  found  in  the 
observations  of  Professor  Forbes,  and  those  of  Dr.  Tyndall,  from 
which  it  appeared  that,  of  the  whole  observed  motion  of  tiie  upper 
surfaces  of  tlie  glaciers  at  the  points  where  the  observations  were  made, 
about  one-half  was  due  to  the  sliding  of  the  general  mass,  and  the  other 


*  The  experinieut  was  exiiibited  daring  the  discaurae. 
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to  iti  molecular  mobility  as  above  explained*  Ko  glacialist,  Mr.  Hop- 
Una  ooDoeived,  could  at  preaent  doubt  the  &ct  of  the  aliding  motion. 

And  yet,  though  nearly  the  aame  evidence  had  existed  of  the  ftet 
in  queetioD)  and  the  above  explanation  of  it  had  been  given  upwards 
of  fifteen  years  ago,  botli  the  fact  and  the  explanation  had,  till  aieoent 
period,  been  almost  entirely  ignored. 

But  the  sliding  of  a  glaeier  was  not  only  important  as  an  intend 
part  of  its  motion,  but  it  also  increased  the  internal  pressures  and 
tcusioDs,  which  were  thus  enabled  to  overcome  the  cohesive  power 
of  the  matt,  to  dialocate  it,  and  leave  it  free  to  move  onwards  whoi  its 
motion  might  otherwise  hieive  been  arrested.  The  action  of  the  bed 
of  the  valley  on  the  bottom  of  the  glacier  had  this  apparently  anoma- 
lous property — that  while  it  prevented  the  mass  from  moving  with 
more  th;i!i  a  verv  slow  uniform  velocity,  it  exerted  a  forcf^  to  hold  it 
absoliiti'ly  arrest  little  greater  than  if  tlie  plaiie  liad  been  perlrcily 
smootl),  and  the  glacier  had  movt'd  wiih  perfoci  freedom.  It  was  so 
far  like  the  force  of  resistauce  uliorded  by  water  to  the  descent  of  a 
heavy  body  within  iU  Sa<&  resistance,  while  it  had  no  power  to  hold 
the  bodv  at  rest,  aooa  increased  with  the  motion  suffidentlv  to  coun- 
teract almost  entirely  tlie  accelerating  ( flVct  of  gravity,  and  to  reduce 
the  body  very  approximately  to  a  uniform  velocity  which  it  could 
never  exceed.  And  such  was  the  atialogous  case  of  the  glacier.  To 
hold  the  heavy  body  in  the  water  rent  would  require  a  force  equal 
to  tlic  excw'ss  of  the  weight  of  the  body  over  an  erjual  volume  of  water; 
and  8o  to  liuld  any  portion  of  a  glacier  at  rest  would  require  a  force 
uearly  equal  to  the  retiolved  part  of  its  weight  along  tlie  inclined  plane 
ol  its  valley :  whereas,  if  its  motion  were  impeded  by  a  large  amount 
of  frietion  on  its  bed,  it  would  require  a  far  less  force  to  hold  it  at 
rest,  and  it  would  be  capable  of  exerting  only  a  hx  less  force  on  any 
obstacle  impeding  its  onward  progress.  Thus,  suppose  the  motion  of 
tlio  glacier  to  be  more  or  less  impeded  by  the  narrowing  of  its  val!ev, 
an  enormous  pressure  would  be  produced  on  the  impeded  portion  of 
the  mass,  by  the  tendency  of  the  less  ini])od<  d  purtion  behind  to  pr^ss 
forward,  and  the  more  freely  this  latter  uortiou  should  dlide  over  its 

bed,  the  greater  would  manifestly  be  the  pressure  which  would  be 
thrown  on  the  impeded  portion  before  it  We  might  thus  see  how 
enormously  the  auding  of  the  glacier  might  increase  the  fraetoriiig 
power  of  the  internal  pressures  and  tensions,  and  help  to  preserve  the 

continuity  of  the  process  of  alternate  dislocation  and  regelation  on 
which  the  continuity  of  the  mass  and  structure  of  the  glacier  and  that 
of  its  motion  depend. 

According  to  the  views  which  Mr.  Hopkins  had  been  endeavouring 
to  develope,  if  we  conceived  a  glacier  to  be  placed  in  its  valky  at 
rest  and  in  a  state  of  no  constr^nt,  it  would  begin  to  move,  partly 
hj  sliding  on  its  bed  and  partly  by  virtue  of  that  amall  relative  dis- 
placement of  the  molecules  of  the  mass  of  which  all  bodies  are  sus- 
ceptible in  some  degree,  without  dislocation.  The  whole  glacier 
would  thus  become  a  continuous  mass  in  a  state  of  constraint,  and 
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tbmforo  tobjeet  to  iotenal  preMures  and  tenaiont.  These  iatemal 
■tndne  nugbt  beoome,  fiom  the  ilidiog  of  the  glacier,  of  enoraioiis 
intensity.  When  they  became  Urge  enough  to  overcome  the  oohesion 
of  the  particles  to  each  other,  the  maes,  supposed  always  te  be  toUd  in 

the  sense  which  had  been  defined,  would  be  broken  into  open  fissures, 
or  crushed  into  numerous  solid  fragments.  Its  state  of  internal  cou- 
straint  would  be  thus  relieved,  its  onward  motion  would  be  continued, 
and  the  continuity  of  its  mass  and  of  its  crystalline  structure  imme- 
diatelv  restored  by  regelation.  The  continuous  motion  of  the  glacier 
would  result  finom  the  repetitioa  of  this  proeess,  and  the  approximate 
unilbrmity  of  the  motion  of  the  whole  mass,  notwithstanding  the  oppo- 
aition  of  local  obstacles,  would  result  from  the  fact  that  those  obstacles, 
considered  with  reference  to  the  whole  glacier,  would  at  all  diiferent 
times  be  ;ictin{^  iti  tlie  snme  manner. 

The  two  important  points  in  this  theory  were  the  sliding  of  the 
glacier,  and  its  dislocation  and  regelation.  The  fact  of  the  sliding 
had  been  ^tablished  by  ul>servation,  and  the  nature  oi  the  motion 
resulting  firom  it  had  been  explained  by  means  of  a  rimple  and  aoea« 
nle  experiment.  The  property  of  regeUtbn  in  ice,  regarded  as  a 
brittle  crystalline  substance,  also  rested  on  tlie  clearest  experimental  evi- 
dence. What  more  ODuld  be  required  to  complete  our  theory  of  the 
general  and  ordinary  phenoinena  of  the  motion  of  ghtciers  f  The 
experimental  results  on  whicii  tiiis  view  of  the  subject  was  founded 
were  clear  and  certain ;  while  the  Viscous  Theory  was  founded  on  an 
atssumed  property  of  ice,  which,  so  far  trom  being  proved,  was  never 
even  clearly  defined.  That  theory  the  speaker  doubted  not  had 
effBCtively  passed  away,  howeTer  some  of  its  advocates  might  still  be 
dbposed  to  eling  to  it.  At  tlie  same  time  he  should  be  sonr  not  to 
do  justice  to  the  claims  wliich  its  author  had  established  to  the  best 
thanks  of  all  those  who  interest  themselves  in  glacial  phenomena.  By 
the  number  of  Alpine  objects  and  phenomena  whiob  he  had  ohsprvf»d, 
and  the  force  and  vigour  with  which  he  had  delineated  them,  he  had 
been  the  first  to  excite  in  this  country  an  interest  iu  the  siubject  of 
glaciers,  which  was  still  maintained  both  iu  a  popular  and  scientific  point 
of  view.  Mr,  Hopkins  had  always  been  a  declared  opponent,  and  he 
hoped  a  candid  on%  of  the  Visoous  Theorjr.  He  had  never  been  satis- 
fted  with  the  nrindple  on  which  it  rested,  and  had  always  contended 
that  much  oi  its  mechanical  r^usoning,  and  the  conclusions  drawn 
therefrom,  were  essentially  erroneous.  At  the  <:nn)e  time  he  cotisidered 
Principal  Forbes,  though  not  absolutely  the  first  to  obser\  <■  certain 
fundamental  characters  in  the  motion  of  frlaciers,  was  undoubtedly  the 
^jfht  glauiaiist  whose  mind  was  tally  imbued  with  a  sense  of  the  im- 
portance of  taking  account  of  the  molecular  mobility  within  the  mass 
of  a  glacier  in  any  theory  of  its  motion  ;  and  though  the  theory  which 
he  was  thus  led  to  put  forth  was,  in  Mr.  Hopkins's  opinion,  erroneous,  it 
iiad  liad  the  effect  of  leading  the  thoughts  of  other  glacialists  in  the 
same  direction,  and  in  this  manner  could  hardly  have  failed  to  have 
iu  influence  in  advancing  the  scienoe,  and  in  conducting  to  the  disp 
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ooTory  of  the  real  physical  canae  which  aoooonta  for  the  prcaerrttiop 
of  contmuitj  in  the  masB  of  a  glacier,  notwithstanding  the  motocalar 

mobility  of  its  particles. 

Time  wonM  not  allow  Mr.  TToj)kins  to  speak  of  other  phenomena 
which  appeared  to  be  essentially  connected  witli  the  motion  of  filaciers, 
but  of  which  the  theory  was  far  xnore  imperfect  than  that  of  the  general 
motion  of  their  masses* 

[W.  H.] 


GENERAL  MONTHLY  MEETING, 

Monday,  February  3,  1862. 

WiixiAM  Pole,  Esq.  M.A*  F.B.S.  Treasurer  and  Viee-FrerideBt, 

in  the  Chair. 

Robert  RnaseU  Caiew,  Esq. 
William  Whitaker  Collins,  Esq. 
John  Famdl,  Esq.  M.A.  aod 
M^r-General  Edward  Sabine,  R.A.  D.C.L. 
PresideDt  of  the  Boyal  Society. 

wera  eiecUd  Members  of  the  Royal  Inatitution. 

The  following  letter  to  the  President  was  read : — 

"Mt  Lord  Duke, 

"  I  hnvc  the  honour  to  acknowledge  the  receipt  of  the  loyal  and  dntifnl 
Address  of  the  Members  of  the  liuyal  Institution  of  Great  Britain,  ou  the  occasion 
of  the  death  of  His  liojai  Highness  the  Princk  Consokt;  asd  to  inform  yoar 
Grace  thai  I  wiU  tsks  SB  early  opportouity  of  laying  the  Addrett  before  Her 
Majesty. 

**  I  have  the  honour  to  be, 

*'  My  Lord  Duke, 
"  Your  Grace's  obedient  Servant, 

**  G.  GutT« 

"His  GBACC  the  DCK£  of  NoBTHUMBEaLAND, 

&c.  fte.  ftc." 

The  apecial  Thanks  of  the  Members  were  returned  to  WiJUUBr 
Be  la  Rue,  Esq.  Ph.D.  F.B.S.  M.R.L<£i>r  iiia  valuable  preaent  of  an 
Electric  Lamp»  by  Duboaoqji  with  ita  aeeompanying  Microaeope. 
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The  PnE«iENTS  received  since  the  last  Me<^tinf^  were  laid  on  the 
able,  and  tlie  thaoks  of  the  Members  returned  lor  the  same :  viz. 
Faoa 

Smretarif  of  StaUfor  /luliv— Rapoft  on  Saire^  of  Indi*.   (P  6.)  ftL  1859-9. 

Anderdon,  J.  L.  Esq.  {the  Author)— The  Messiah.    Svo.  18»>I. 

Anonumous—J,  Dumetviiii-Mangny ;  The  Free  Trade  Quettioo.    TnoaUted  bj 

J.  Akerson.   (LIS)    Svo.  1861. 
Amaiic  Societi/,  i?oyai— Joarnal,  Vol.  XIX.    Part  2.   Svo.  1861. 
AMronomica  I  b'"riefjf,  /I'  f^n/— Monthly  Notices,  Nov.  and  Dec.  1861 .  6to» 
Bavarian  Accuicmu^  iio^ai — Sitzongsbeiichte,  1861 }  Heft  4,  5.  8vo. 
Abhaodluogen,  Band  IX.  lata  AMheilmig.  4to.  1861. 
Anualen  der  Kon.  Steniwarte  bei  Munchen.    Baml  XII.    8vo.  1860. 
JBomhay  Medical  Department — Deaths  in  Bombay  in  I860.    Svo.  1861, 
Browning,  W,  Ernst,  Esq.  M.R.I,  {the  Author)— The  Practice  and  Prooedovt  of 

the  Court  for  Divorce  and  Matrimonial  Caoies.    16to.  188SU 
Chemical  Sociffy— (^narterlv  Jonmnl,  No.  56,    8vo.  18fil. 

Engineert'  InMiiiUutn — Pi'oceediogs,  Dec  1861  and.  Jan.  1862.  8v(^ 
JhMim  GeehtgUai  Soektjf—im^  Vol  IX.  Part  1.  8«0b  1891. 
jGU(Vor<;    Am  ricau  Jourual  of  Science,  by  13.  SiUimii,  &0.  Ibr  NoiV*  1881.  8TO. 
Artizau  for  Dec,  18t31  aud  Jan.  1862.  '4to, 
AthencBum  for  Dec.  1S61  and  Jan.  18C2.  4to. 
Chemical  News  for  Dec.  1861  and  Jau.  \    i.  4|0t. 
Engineer  for  Dec.  1861  and  Jan.  I8fi2.  foL 
I^Moiogical  Journal,  No.  41.   8vo.  1861. 
Jonrtiai  of  GM-Li}^htiug  for  Dec  1861  and  Jan.  1869.  4to. 
Mechanics*  Magazine  for  Dec.  18C1  and  Jan.  1862.  8y<»» 
Metlical  Cirealar  for  ]>ec.  1861  ami  .Ian.  ISGJ.  8to. 
Practical  Mechanics'  Journal  for  Dec.  18G1  and  Jan.  1862.  4to. 
St.  James's  Medley,  No.  29.    8vo.  1862. 
Technologist,  Dec.  1861  nml  .T:in.  18^,2.  8vn. 
FraakiiH  Institute  qf  Peiuury^cunia— Journal,  Vol.  XLIII.  Nos.  5*  6.   Svo.  1861. 
OtHmfOt  Soeia^de  PAvm^m— Mtfmoirea  *.  Tome  XVI.  Putie  1.  4to.  1861. 
GVo^^/a/;// r ca I  Socte/y,  iRoya/— Proceedings,  Vol.  VI.    No.  1.    Svo.  1869. 
Geological  Inetituie,  Imperial^  l^iVnna— Jalirbuch,  I860.    No.  2.  Svo. 
Ormtwieh  RoycU  Obeervatory  {throuyh  the  Royal  Society) — Greenwich  Observa- 
tions for  1858.    4to.  I860. 
Oj^  Gordon  Willouqhhfj  Jamet,  Esq.  M.R.I,  (the  ^ MfAor")— History  of  the  Parish 
of  Wraysborj,  Ankerwycke  Friorr,  and  Magna  Cbarta  Island  ;  with  the 
Hiitoiy  of  Hortoa  and  the  Town  of  Golttbrook,  Bocks.  4to.   1 869. 
Meldf  Dr.  Jusejjh  {the  yl»/Aor)— System  des  Verfasgungsrechtfi  der  Monarchischen 
Staaten  Deutschlands,  mit  htsondererBiicksicht  aof  deaCoostitatioDalismoa. 
2  vols.    Svo.    Wiirxburg,  1856-7. 
Horticultural  Society,  /^o)/ai— Proceedings,  1861,  No.  31  ;  1862,  No.  1. 
Jahhnomgky  Societv,  Ldpsic — Preisschriften,  VIII.  und  X.    8vn.  1861. 
Ladd,  Mr,      {the  Publisher)— Dt,  H,  M.  Noad:  The  improved  ludoctioQ  C<»1. 
16tOw  1861. 

IMock,  JUb»  Emj.  FR.S.  M.R.l— On  the  Lahe  Hkbitatuni  of  SwilierlaiidL 

(From  Nat.  Hist.  Kev.    Vol.11.)    l^»r,o.  * 
Mackie,  S.  J.  Esq.  F.G.S.  {the  Editor) — Tiie  Geologist  for  Dec  1861  ;  Jan.  1862. 
3vo. 

i\te<  liarncal  Enmnmrs  Institution,  Binnxngham — Proc<"cd?ng8,  May  and  Aug.  1861. 
Medical  oMd  Chirurgioal  Society,  Royal — Mt^dico-Chirurgicai  TraaMCtious.  Vol. 

XLIV.   Svo.  1861. 
ffewton,  Messrs.— hondaa  Journal  (New  Series)  for  Dec  1861 ;  Jan.  1862.  Svo. 
Parkers  and  Bourn,  Mesicrn.  (the  Tuhli.^hcrs)^^.  Hnllah  :  The  History'  of  M<xiem 

Music;  a  Course  of  Lectures  delivered  at  the  lJuyiil  JubUtutiou  of  Great 

Britain,  in  18  »>i.   l6to.  1862. 
Pettrmann,  A,  Esq.  {the  Editor) — Mittheilungcn  auf  der  Gesannntgehiete  doT 

Geographie.   1861.   Nos.  11, 12 ;  Krg^ungshett  7.  4to.  1861. 
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Fhoiographic  S«ct>ly— Journal,  Nai.  116,  il7.    9tQ.  IMt-Cf. 

Radcliffe  Truttett,  Oxford -PToTeaor  H.  W.  Adand's  Report  oo  the  Traoifcr 

the  RadclifTe  Lihnii  v  to  the  Oxford  Univeni^  Moseum.  8yo. 
JiojtalSoeietyofEd%itburyh—TnxmcdooM,WfA.X5^^     Part  3.   4to.  1861, 

moeedinfls,  N(k  58.  8v<k  1860-1. 
Stut  Fernando^  Royal  Academy  tf—D,  JaU  Amador  de  los  RIos :  El  Arte  T^^fmo- 

Bizantino  «d  Eipifia  y  m  ConmM  Yiaigoda*  de  Goarnxar.  4to.  Madnd, 

1861. 

Scoitish  Soeieiy  of  Arts,  Royal— TrmmeAam,  Vol.  VI.  But  L  8v<x  1861. 

St*  PeieriSiirg  Arademtf  rrf  Srienfrx,  /'mpeTia/— M(^moi res,  Tooae  111.   No«.  10-11. 

4ta.  1861.   Bulletins,  I'ome  111.  Noa.  6-8;  Tome  IV.  Noa.  1,  2.   4to.  1861. 
S(iifM«l&e<rfy--JoaraftU  Vol.  XXIV.  pKt4,   8vo.  1880* 
IMm  zur  Bef&rderHTuj  du  Gnptr^fimtm  im  jVfiawi  Verbaadlttoggn,  Jali  oai 

Angnat.  4to.  1861. 


ft 


WEEKLY  EVENING  MEETING, 

Friday,  February  7,  1862. 

Sia  Henby  Uouju^'O,  Bart.  M.D.  D.C.L.  F.li.S.  Vice-Presideot, 

in  the  Chair. 

PiiOFESttoa  T.  H.  Huxley,  F.R.S. 

On  FouU  RgmamM  of  Man, 

The  piirptw  of  the  disconrse  was  to  crive  an  exp^nnntion  of  the  interesi 
attach inir  to  two  casts  upon  the  table — the  one  that  of  a  skull,  dis- 
covered and  described  by  }*ruressor  Schmerliiig^  from  the  Cave  of 
Engis,  in  Belgium  ;  the  other,  discovered  by  Dr.  Fuhlrott  and  de- 
scribed by  Professor  Scbaaffhausen,  finom  a  cave  in  the  Neaodertbal, 
near  Dfl«e1dorf— the  former  beioff  the  oldest  skvll  whote  age'ii 
seologieally  definable,  the  hitter  the  meet  eberrant  end  degmded  of 
human  skulls. 

The  nature  and  extent  of  the  enttkl  modifications  exhibited  by 

the  man-like  apes  and  by  mnn  were  f!i«!en«se<! ;  and  their  modifications 
wvTc  shown  to  depend  upon  variations  in  the  capacity  and  in  the  fomi 
of  the  cranium,  in  the  greater  or  less  development  of  its  ridges,  and 
in  the  mze  an<l  form  of  the  face.  In  respect  of  sucli  diderenoes,  skulls 
have  been  called  dolichocephalic  and  brachycephalic,  orthogoatbcms 
and  prognathous,  &e. 

Neither  ortliognathir^m  or  firog^athUin  are  neeesntrilj  oottehited 
witlt  brachycephaly  or  dnlichocephaly.  But  the  most  extreme  pro« 
^athism  is  accompanied  by  a  dolichocephalic  cranium,  while  perieet 
orthognathism  may  occur  with  extreme  bmchyccph^ilism. 

The  known  varieties  of  the  «kuli  have  a  certain  geographical 
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distribuhon,  which  may  be  broadly  expressed  by  drawing  a  line  upon 
a  map  of  the  world  from  Russian  Tariary  to  the  Giili"  of  Guinea, 
aud  by  re^^aniiu|^  tiie  two  eiid^  of  that  hue  as  ethuologicai  poles,  while 
anotlier  lioe^  dimwn  at  riffht  angles  to  it^  firom  Weitani  Europe  to 
Hindoetaii,  inqr  be  called  Uie  ethnological  equator. 

At  the  north-easteni  pc^e  ate  ntualed  the  people  with  the  matk 
enioeotly  brachjcepbalic  and  ortbogDathoiia  akiills;  at  the  south- 
western pole,  those  people  who  have  the  most  eminently  dolichocephalic 
and  prognathous  skulls;  while  along-  the  ethnoloijieal  equator  the 
races  of  men  are,  for  the  moat  part,  oval-heatied,  or^  if  dolichocephalic, 
they  are  orthogiiathous.  Passing  from  tiie  ethnological  poles,  in  either 
direction,  there  is  a  tendency  to  the  softening  down  of  the  extreme 
types  of  akuU.  TurDinff  ftom  this  genonU  Tiew  of  ciaDial  modiflcft* 
tioD,  whieh  was  expreasly  stated  to  be  open  to.  many  eiceptioDS  in 
detail,  the  question  was  next  raised  whether  the  distribution  of  cianial 
forms  had  been  the  same  in  all  periods  of  the  world's  history,  or 
whether  the  older  races,  in  any  looaiityy  possessed  a  different  cranial 
character  from  their  successors. 

Ko  evidence  of  the  existence  of  such  older  and  different  races  has 
yet  been  obtained  from  Northern  Asia,  from  Africa  beyond  the  sbor^ 
of  the  Meditenanean,  or  from  Anstialb  $  it  may  be  that  the  Alfburons 
and  the  mound-builders  of  the  Mississippi  vall^  are  to  be  regarded 
as  aneient  stocks  which  preceded  modern  immigration ;  but  definite 
evidence  is  wanting  with  regard  to  these  and  similar  cases.  In  North- 
ern and  Western  Europe,  however,  there  is  little  doubt  that  several 
races,  different  in  cranial  conformation  and  in  civilization,  have  suc- 
ceeded one  another.  Below  and  beyond  the  traces  of  Roman  civiliza- 
tion, archaeoli^ists  find  evidence,  iirat,  of  people  who  ii.-*ed  iron,  then 
of  those  who  employed  bronxe,  and  then  of  those  who  were  acquainted, 
only  with  stone  and  flint  (or  bone)  weapons  and  implements.  How 
fiir  these  various  weapons  may  have  been  used  at  different  epoelis  1^ 
the  same  people,  is  a  question  yet  to  be  decided ;  but  that  in  some 
partin  of  Eiiropp,  at  any  rate,  they  characterize  people  of  different  crap 
nial  structure,  appears  to  be  tolerably  well  made  out. 

The  remarkable  crania  from  tumuli  of  the  stone  period  at  Borreby, 
in  Denmark,  figured  by  Mr.  Busk,  were  cited  as  authentic  examples 
of  the  skulls  of  people  of  the  epoch  in  which  stone  axes  ground  to  an 
edge  were  the  chief  weapons. 

The  evidence  of  the  antiquity  of  these  people  afforded  by  the  peat 
bogs  of  Denmark,  and  the  probability  of  their  contemporaneity  with 
the  makers  of  the  "  refuse-heaps  "  of  Denmark,  and  of  the  pile-works 
of  Switzerland,  were  next  considered.  Ancient  as  the  Borreby  race 
may  be,  they  ])eopled  Denmark  subsequently  to  its  assumption  of  its 
present  physical  geography,  and  since  its  only  great  quadrupeds  were 
the  urus,  the  bison,  aud  deer. 

The  Engis  skull,  on  the  other  hand,  is  of  a  date  antecedent  to  the 
last  great  physical  ehanges  of  Europot  and  its  owner  was  a  contemporary 
of  tM  nuunmoth,  the  ticiiorine  rhinooerosy  the  cave  heart  Aod  the  oave 
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hysena,  so  that  a  vast  g"ulf  of  time  separates  Inin  from  the  Borreby  men. 
The  skull  was  shown,  liowever,  by  all  its  measuromeatS|  to  be  nearly 
as  well  develojwd  as  that  of  an  average  European. 

The  Xseanderthal  skull,  whose  age  is  not  exactly  knowO|  on  the 
contravy,  is  the  lowest  and  most  ape-like  in  its  eJianeieit  of  any 
human  skull  yet  disoovered,  though  it  presents  oertmn  points  of  roBem- 
blanee  to  the  Borreby  skulls. 

Gfeat  as  are  the  differences  between  the  Eng^s,  the  Borreby,  and 
the  Neanderthal  skulls,  the  speaker  stated  that  it  would  not  be  justi- 
fiable to  assig^n  them  even  to  distinct  races  of  men ;  for  by  a  careful 
examination  of  the  crania  of  one  of  the  purest  of  living:  races  of  men, 
—the  Australian, — it  is  pos^^ble  to  discover  skulls  ^vl)ich  differ  from 
one  another  in  similar  characters,  though  not  quite  lu  the  same  extent, 
as  the  ancient  ones. 

Thus  it  appears  that  the  oldest  known  luees  of  men  diflfered  eom- 
paratively  but  little  in  cranial  eonformation  from  those  savage  races 
now  living,  whom  tiicy  seem  to  have  resembled  most  in  habits ;  and  it 
may  be  concbidefl  that  these  tnost  ancient  races  at  present  known  were 
at  least  as  remote  from  the  original  stock  of  the  human  species  as  they 
are  from  us. 

[T.  H.  H.j 


WEEKLY  EVENING  MEETING, 
FHday,  Febniaiy  14,  1862. 
Riv.  John  Bablow,  M.A.  F.B.S.  Tioe-President)  in  the  Chair. 
WeuiIAM  Odlino,  M.B.  F.B.S. 

•KO.  CBBM.  MC. 

On  Mr*  Cfrakam's  Bueard^n  oit  Dialysis, 

VUU  JHffmhn.^'Whea  an  open  vial,  filled  with  a  solution  of  some 
salt  or  other  substance,  is  introduoed  Into  a  jar  of  water,  a  portion  of 
the  diamlved  salt  passes  gnulually  from  the  vial  into  the  external 
^ter.  This  portion  is  known  as  the  diffusate.  The  diffa^tes  yielded 
by  different  substaiifc^  tmder  precisely  the  same  circumstances  vary 
greatlv.  Thus,  coiiiiiiuji  salt  yields  double  the  n?nf)!nit  of" dlHusate  tfiat 
l£psom  salt  yields,  while  Kpsoin  salt  difi'ases  twice  as  rapidly  as  <j^\\m- 
arabtc.  Every  substance  has  its  own  definite  rate  of  diffusibility  m  the 
same  liquid  medium,  dependent  upon  the  nature  of  the  mediumi*— 
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whether  water  or  alcoliol,  for  instance.  The  diflWion  of  any  particular 
salt  is  scarcely  affected  by  the  presence  of  a  different  salt,  though 
materially  affected  by  the  preseuce  of  the  £aiue  salt  in  the  external 
liquid.  Tiie  g^nenu  law  leemg  to  be,  tliat  the  Telocity  with  whieh  a 
diasolved  salt  diffuses  ftom  a  stronger  into  a  weaker  solution  is  propor- 
tional to  the  difference  of  eonoentration,  quoad  that  salt,  between  the 
contiguous  solutions.  The  phenomena  of  liquid  diffusion  are  mani- 
fested roost  simply  and  onifofmly  when  dilute  solutions  only  are 
employed. 

Jar  Dijf  'usion. — When  the  solution  of  the  salt  to  be  diffused, 
instead  uf  being  placed  in  a  vial,  is  conveyed  by  means  of  a  pipette  to 
the  bottom  of  a  jar  of  water,  the  dissolved  salt  gradually  rises  throu|^h 
the  superinenmbent  water  to  a  height  ex  extent  proportional  to  its 
diffusibility.  The  results  of  jar  difibslon  bear  out  geneially  those  of 
vial  diffusion.  They  show,  moreover,  the  absolute  rate  or  velocity  of 
the  diffusive  movement.  Thus,  during  a  fourteen  days*  aqueous  diffu- 
sion from  ten  per  cent,  solutions  of  gum-arabic,  Epsom  salt,  and 
common  snlt  respectively,  the  gum-arabic  rose  only  through  -tiihs  of 
the  superincumbent  water,  or  to  a  height  of  o6'5  millimetres ;  while 
the  Epsom  salt  io>e  through  the  whole  iiths  of  the  superincumbent 
water,  or  to  a  height  of  111  millimetres ;  while  the  common  salt  not 
only  rose  to  the  top,  but  could  have  risen  much  higher,  sedug  that  the 
uppermost  or  14th  stratum  of  water  into  which  it  had  diffused,  con- 
tained about  fifteen  times  as  much  salt  as  was  contained  in  the  upper- 
most or  14th  stratum  of  water  into  which  the  Epsom  salt  had 
diffuwHl. 

Diffusivf;  Si  farations. — If  a  solution  containiiig-  equal  weights 
of  oommuu  salt  aud  gum  arabic  be  poured  into  ajar  uf  water,  the  ratio 
of  salt  to  ffum  in  the  dilute  liquid  in  the  jar  will  be  the  same  as  in 
the  originu  solution.  But  if  the  original  solution  be  poured  into  a 
difiVision  vial  fiom  which  the  dissolved  compounds*  can  difluse  into 
a  jar  of  water,  Ibr  every  100  milligranmies  of  salt,  about  22^ 
milligrammes  of  gum  will  pass  out  into  the  extrrnal  water,  or  the 
ratio  of  f-vilt  to  irum  in  the  dilute  liquid  in  the  jar  will  be  as  100 
to  '22^,  instead  of  as  100  to  100,  or  a  separation  of  tlie  gum  from 
the  salt  to  the  extent  of  77^  per  cent,  will  have  been  effected. 
Again,  when  a  solution  containing  5  per  cent,  of  common  salt  and 
5  per  cent  Glauber's  salt  (tlie  difiusive  sates  of  which  salts  are 
to  one  another  as  100  to  70)  fs  submitted  ibr  seven  days  to  the  process 
of  jar  difiusion,  the  upper  half,  or  -^ths  of  superincumbent  water,  will 
be  found  to  contain  380  milligrammes  of  common  salt  and  only  53 
milligrammes  of  Glauber's  salt,  or  the  ratio  of  common  salt  to  Glau- 
ber's salt  on  the  upper  hajf  of  the  liquid  will  be  as  100  to  14,  instead 
of  as  100  to  100,  or  a  separation  of  the  Glaubers  salt  from  the 
common  salt  to  the  extent  of  bG  per  cent,  will  have  been  effected.  Not 
only  the  partial  separation  of  mixed  bodies^  but  the  partial  decomposi- 
tion of  deifinite  chemical  compounds  may  be  effected  by  difibsion.  Thus 
wlien  alum,  which  is  a  douUe  solplwte  of  the  two  metalsf  potassium 
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mod  aluminimii,  k  allowed  to  diffiM  from  ito  mqpxaoB  aolntiooy  the 
diflhsive  teodeoey  of  potaanam  fsompoands  bdng  nmch  greater  than 
that  of  alumiDinm  compouDds,  a  purtioD  of  sulphate  of  pota«sioiii 

actually  breaks  away  from  the  sulphate  of  aluminium  with  which  it  was 
in  combination,  in  order  to  diffuse  into  the  external  or  ^nperiiicuiubeat 
water  more  freely  than  the  sulphate  of  aluuiiniura  can  diffuse. 

Crystalloids  and  Colloids, — Diffusibility  does  not  seem  to  be  asso- 
ciated in  any  definite  way  with  chemical  composition.  Thus,  complex 
oiganic  bodiea,  like  picric  add  aod  sugar,  have  much  the  Mune  difibsioii- 
lates  ai  connnoD  nit  and  E^iboid  salt  reapectiTely.  laomorpboaa  comr 
pounds,  however^  are  ibr  the  moet  part  eqni-dtfllisve,  but  the  gnroupt  of 
equi-diffusive  are  lar^r  than  those  of  isomorphous  bodies.  The  com- 
mon salt  group,  for  instance,  includes  not  only  chloride,  bromide,  and 
iodiHt^  of  Hodinm,  which  are  similar  in  conifiosjtion  and  is()nior[)lioiis  in 
form,  but  also  nitrate  of  sodium,  whicli  is  dis>.siaiilar  in  eoiiipositiuD  and 
lieieromorphou!!  in  form.  But  in  comparing  highly  ditiusive  sub- 
atanees  oo  the  one  haod,  with  feebly  diQhmve  aubstaiieea  oo  the  other, 
one  broad  diarimilarity  beconnea  appareDt^iiaiiiely»  that  highly  diflb* 
aLve  aDbotaDcea  aflbet  the  crystalline  statOi  while  li^bly  diffusive  aub* 
stances  are  amorphous — and  in  particular  are  characterized  by  a  capa- 
bility  of  forminjT'  j];"elatinous  hydrates.  Hence  the  distinction  established 
by  Mr.  Graham  between  highly  diifusive  budie.s,  or  cryUalloids,  and 
feebly  ditiiisive  bodies,  or  colloids.  There  are  very  many  com^munds 
which  can  exist,  both  in  the  crystalline  and  gelatinous  states,  and 
which  present  two  distinct  diflfusion-rates  corresponding  respectively 
thereto* 

JVoterv  of  Z>|^icftb«.<^Liquid  diffbrion  may  be  attriboted  to  a 
aelf-repulflion  of  the  particles  of  the  salt  or  other  body  which  diffuaea 
on  the  one  hand,  and  of  the  particles  of  water  or  other  liquid  into 
which  it  diffuses  on  the  other;  or  it  may  be  attributed  to  a  particular 
kind  of  mutual  attraction  existing  between  the  particles  of  the  csalt  and 
of  the  water.  Assuming  the  truth  of  this  iatter  hypothesin,  it  is  clear 
that  the  diffusive  attraction  of  crystalloid  particles  for  water  is  greater 
than  that  of  colloid  particlea;  and  recognising  tbia  anperior  diffbaive 
attraction  of  lalioe  particles,  it  ui  oonceimble  that  a  salt  should  lie 
able  to  unite  diffusively,  not  only  with  free  water  but  also  with  miter 
that  is  already  in  a  low  form  of  combination,  as  it  exists  in  a  soft  solid^ 
for  instance,  such  as  jelly:  and  this  is  found  to  be  the  eaf^e.  Common 
mhf  for  example,  ditJoses  into  a  mass  of  solid  jelly  aJmost  as  easily  and 
extensively  as  into  a  similar  bulk  of  free  water.  But  although  the  intro- 
duction of  a  gelatinous  siubstauce  doe«  not  interfere  in  any  appreciable 
way  With  the  diffusion  of  a  crystalloid,  it  arrests  almost  completely  the 
diffusion  of  a  colloid  body.  The  colloid  has  but  very  little  tendency 
to  unite  diffbsively,  even  with  free  water,  and  is  quite  incapable  of 
abstracting  and  ttoiting  difiuslvely  with  water  that  is  in  any  stato  of 
combination,  however  feeble. 

Dialysis. — Although  a  simple  diffusion  into  water  can  effect  the 
partial  separation  of  a  highly  diffusible  from  a  feebly  difibsibie 
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suhstaoce,  yet  a  much  better  result  may  be  obtained  by  causing  the 
difiusion  to  take  place,  not  iuto  free  water,  but  into  or  through  the 
oombined  water  of  a  loll  aolidi  which,  at  befora  observed,  aearedy 
aifecia  the  difMon  of  a  cijetalloid,  bot  elmost  arrertt  that  of  a  oolloid 
bodf.  When  a  piece  of  Yetlum,  or  of  membrane,  or  of  pevehment- 
peper,  or  even  a  layer  of  mucus  U  interposed  between  a  colloid 
solution  and  a  quantity  of  water,  the  colloid,  in  order  to  get  to  tlie  free 
water,  must  pass  through  the  membrane,  that  is  to  fsay,  must  unite 
diffusively  with  the  combined  water  of  the  membnine,  which  however 
it  is  infaipfible  of  doing.  Tiie  crystalloid  bo<iy  can  pass  through,  but 
the  colloid  camMl.  'Thk  comtitetei  dialysis,  wlueh  meuie  the  eepaia- 
tioo  of  crystalloid  fiwD  coQoid  bodiee,  throogh  a  membiaiie  that  will 
alh>w  the  pemege  of  mjHilloid,  but  will  not  allow  that  of  colloid 
particles:  because  the  crystalloid  partideo,  having  a  highly  diffusive 
power,  can  unite  diffuj^ivply  with  the  pomhined  water  of  the  soft  solid 
septum,  so  as  to  rtach  the  external  free  water;  whereas  the  colloid 
particles,  having  a  very  feebly  diffusive  power,  camioL  The  process  of 
dialysis  is  altogether  cUfferent  from  that  of  filtration.  Filti&tion  refers 
lo  the  passage  of  masses  throogh  appreciable  pores,  but  in  a  ^tialylia 
septum  there  are  do  pores,  and  the  movement  is  not  molar  bnt  mole* 
cuiat.  The  dialytic  septam  will  allow  chemical  action  to  take  places 
or  that  low  tem  of  chemical  action  which  constitutes  diffusion ;  but 
bcinp:  qtiite  impervious  to  the  mechanical  pessage  of  liqiiid»  it  wiU  not 
allow  of  filtration. 

Colloid  Solu/io/is. — The  solution  of  various  colloids  has  l>epi]  here- 
tofore effected  by  means  of  crystalloid  chemicals,  comprising  acids, 
bases,  and  salts.  By  dialyziug  these  liquids,  the  crystalloid  reagents 
diflbse  away,  and  leave  the  coUdd  bodies  in  simple  aqueous  solution. 
Mr.  Graham  has  thus  obleined  pure  cdlddal  solutions  in  water  of 
numerous  mineral  and  organic  substances,  such,  finr  instance,  as  silica, 
tin-stone,  alumina,  haematite,  chrome,Pru8sian  blue,  prussiate  of  copper, 
siicratH  of  copp<>r  and  other  sucrates,  tannin,  ^um,  caramel,  albumen,  &c. 
These  colloidal  solutions  are  for  the  mo<t  part  unstable.  Either  spon- 
taneously, or  on  the  addition  of  a  very  minute  quantUy  of  some  or  other 
crystalloid  reagent,  they  pectize,  or  become  converted  iuto  solid  jellies. 
Hence  Mr.  Graham  speaks  of  two  colloictal  states,  the  pepiom,  or  die- 
solved,  and  the  peHom  or  gelatiniied.  Oolloid  •bodies  are  dmiacteriied 
by  their  non-ciystalline  habit,  by  their  low  difi^isibility,  by  their  che- 
mical inertness,  by  their  high  atomicity,  and  above  all  by  their  mutabi- 
lity. All  these  properties  are  eiceedingly  well  manifested  by  oolloid 
silica,  or  co-silicic  acid. 

[W.  O.] 
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WEEKLY  EVENING  MEETING, 
Friday,  Feliniaiy  21, 1862. 

William  Pole,  Esq.  M.A.  F.R.S.  Treasurer  aud  Vice-President, 

in  the  Ciiair, 

James  Fbbousson,  Esq. 
On  the  SUe  of  the  Bol^  Sifukkre  at  Jenuatem, 

Tax  speaker  oommenoed  by  stating  that  tbis  was  perhaps  the  most 

interesting  subject  that  ooqld  be  addressed  te  a  Christian  audience, 
being  neitlier  more  nor  less  than  the  re-discovery  of  the  true  site  of  the 
Holy  Sf»]>nl<'lirf ,  after  a  knowleflgc  of  it  had  been  lost  for  t»ight 
centuries  ;  and  it  was  the  niort'  interesting,  as  lun  ing-  been  made  by 
a  process  of  direct  philosophical  deduction  in  (  lieeoiogy — a  new 
science,  which  had  as  yet  few  such  triurupii:i  to  record. 

The  question  commenced  necessarily  with  the  undoubted  Ihct  that 
the  Emperor  Constantine  erected  a  magnifteent  church  at  Jerusalem, 
over  the  site  of  the  Sepulchre  ;  and  the  assumption  that  since  iiis  time 
the  church  in  the  middle  of  the  city  always  had  been,  and  stili  was, 
hh  "Church  of  the  Sepulchre,"  cotipled  with  the  erroneous  sup' 
position  thfit  it  had  rei)l;KTd  the  original  buildirjgof  Constantine. 

In  carefully  studying  the  subject  of  Saracenic  Architecture,  from 
its  remains  in  India,  Kgypt,  Persia,  Constantinople,  Spain,  Sec,  he 
had  always  been  unable  to  account  for  the  peculiarities  of  one  remark- 
able building  at  Jerusalem — ^tfaat  generally  known  as  the  Mosque  of 
Omar."  This,  however,  was  evidently  a  misnomer ;  for  the  bidlding 
violated  the  invariable  and  essential  principles  of  mosque  architecture. 
The  precept  of  the  Koran  being,  that  all  true  believers  should  turn 
their  faces  towards  jMeeoa  when  they  prayed,  a  mosque  was  really 
only  an  indicator  <»f  the  dii  pf  tion  of  the  Holy  City.  wIk  i  oms  the  build- 
ing in  question  had  its  principal  entrance  towards  the  bouth,  so  that 
the  worshipper  on  entering  turned  his  back  on  Mecca — a  sacrilege  too 
horrible  to  be  conceived,  and  which  is  not  to  be  found  in  any  mosque 
in  the  whole  Mahomedan  world. 

The  building  in  question  being  within  the  Haram  aiea,  was  not 
generally  accessible  to  travellers;  and,  until  it  had  been  surveyed, 
measured,  and  draw^n,  in  the  year  1833.  by  Mr.  Catherwood  and  Jlr. 
Arundale,  no  adequate  representntioiis  of  it  had  ever  been  innfle. 
On  examining  these  drawings,  he  had  been  at  onee  so  much  struck 
with  the  architectural  and  other  features  they  displayed,  that  he  im- 
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mediately  prououQced  the  buildiDg  to  be  the  identical  church  erected 
by  CoMtasitiiie ;  the  iotemal  evidence  proved  it  to  be  a  CbnatiftD 
lepulelunl  boildiog  of  that  age ;  and  there  eould  be  no  other  answer- 
ing that  description  than  the  original  church  of  the  Holy  Sepulchre. 

With  this  conviction  he  published  his  Essay  on  the  Ancient 
Topogmpby  of  Jerusalem,"  in  the  year  IR47  ;  and  the  result  of  four- 
teen years'  consideration,  notwithstanding  his  views  had  met  with 
much  opposition,  had  onlv  confirmed  his  original  opinion. 

Since  the  classificatiou  and  uomenclature  oi  liie  different  kinds  of 
Gothic  architecture,  by  Biekman,  the  eoooeailve  perioda  of  that  style 
had  become  fixed  and  univemlly  recognized.  The  date  of  a  Gothic 
■tructure)  whether  Norman,  Early-English,  Decorated,  or  Perp^« 
dicolar,  was  irrevocably  determined  by  the  evidence  of  its  style  alone. 
Classical  architecture,  since  this  mode  of  classification  had  been  in- 
vented, was  abused  as  l*agan,  Heathen,  sensuous,  and  sensual,  and 
accordingly  neglected  :  but  his  own  studies  assured  him  that  the  same 
regular  progression  which  was  admitted  to  mark  (luiliic  arcliitecture, 
was  to  be  traced  in  every  other  true  style ;  indeed  there  was  not  a 
single  building  Id  the  world  anterior  to  the  cinque-cento  period  which 
did  not  bear  upon  it  the  impreas  of  its  agCi  and  to  which  the  ednoated 
student  could  not  assign  a  date. 

In  the  decadence  of  classical  architecture,  the  gradual  conversion 
of  the  noble  sculptural  frie/e  of  tlie  Corinthian  order  into  a  mere' 
rounded  moulding,  could  be  clearly  traced,  tlirougli  successive  stages, 
in  edifices  the  dates  of  wliich  were  known  ;  and  in  like  manner  the 
entablature  itself  was  seen  gradually  teuding  towards  a  curvilinear 
form^  until  the  arch  became  the  real  conatruetive  feature,  although  a 
trabcnted  or  beam  form  was  still  for  some  time  retained  merely  as  an 
ornament.  Of  this  modification  of  classic  architecture,  the  Palace  of 
Diodetian  at  Spalatro  fiimished  a  striking  example ;  and  the  so-called 
Mosque  of  Omar  presented  areliitectnral  characteristics  equally  marked 
and  pf'ciiliar.  So  clear  was  this  progressive  nioditication,  that  it  might 
be  takeu  absolutely  that  no  arcli  was  to  be  met  witli  as  an  essential 
decorative  feature  iu  any  building  older  than  the  year  300  ;  nor  any 
entablature  in  a  building  erected  later  than  the  year  400  ;  and  hence 
the  architeetnxal  evidence  clearly  proved  the  so*<»lled  Mosque  of  Omar 
to  have  been  ereeted  in  the  age  of  Oonstantine. 

Again,  its  Ibfni  and  arrangement  distinctly  marked  it,  not  as  a 
mosque,  but  as  a  sepulchral  building.  It  presented  the  strictest 
analogy  in  these  respects  to  the  Baptistry^  of  t!ie  Lateran,  built  by 
Constantine,  it  is  said  to  contain  his  own  tonih  ;  -itid  that  of  Sta. 
Agnese,  erected  by  him,  to  contain  the  toinl)  ot  liis  daughter,  Sta. 
Costanza;  as  also  to  other  early  sepulchral  buildings  in  Italy,  as 
well  as  to  all  the  Mahomedan  tombs. 

Moreover,  it  was  the  only  church  or  building  in  the  world  having 
in  its  centre  a  large  and  prominent  Jiock^  nm^g  some  height  above  the 
floor,  filling  the  space  beneath  the  dome.  The  Kock,  forming  the 
Uoiy  Sepukhre,  was  expresdy  referred  to  by  Eusebios^  who  described 
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the  diureh  wUdi  Oonslantiiie  eieeted  over  it ;  and  the  took  in  this 
huilding  had  one  cave  in  it  exactly  as  described  by  this  author.  Every 
word,  in  fact,  which  Eusebius  uses  in  his  narrative  of  the  discovery 

of  the  Holy  Sepulchre,  and  of  the  building  erected  over  it  by  Con- 
stantine,  is  so  coropletelv  boruG  out  by  what  is  newfound  here,  and 
is  80  essentially  rontirmed  by  the  architecture,  that  it  is  impossible  to 
escape  the  conviction  that  what  we  now  look  upon  is  the  ideotical 
building  to  which  he  refers. 

It  may  be  added,  that  although  the  proposition  has  now  been  ftar 
nuae  than  fourteen  years  before  ttie  public,  the  architectural  evidence 
baa  never  been  disputed  by  any  competent  authority,  notwithstanding 
the  opposition  which  the  conclusions  drawn  from  it  have  been  met  with 
on  other  s:round8 ;  and  until  it  IS  refuted,  the  aigument  most  be  con- 
sidered as  proved. 

The  description  which  Eusebius  /^ve  of  the  Basilica  of  Constan- 
tine,  lu  the  imoiediate  vicinity  ui  this  sepulclirai  church,  pointed  to 
the  Golden  Gateway,"  now  forming  part  of  the  city  wall,  and 
fbrther  tended  to  fix  the  site  of  the  sepolciire.  This  gateway  was 
evidently  not  originally  a  ci^  gate ;  it  had  no  carriage-way,  and  was 
not  fortified ;  and  its  architecture,  as  in  the  case  of  the  Dome  of  the 
Rock,  bore  unquestionfible  evidence  of  the  age  of  Conslantine. 

Besides  the  direct  evidence  derived  from  the  architectiirnl  cha- 
racter of  these  two  buildings,  there  was  almost  as  strong,  though 
negative  evidence,  derived  from  the  examination  of  the  Mosque  el 
Aksah  situated  in  the  same  indosure.  That  building  was  undoubtedly 
erected  by  AImI  £1  Malek  in  the  first  century  of  the  Hegira,  or 
about  AJ>«  695,  and  showed  such  a  diiference  of  s^le,  such  a  progr^ 
towards  medisBvalism,  that  some  centuries  must  liave  dapsed  lietween 
its  erection  and  that  of  the  buildings  just  referred  to. 

Another  curious  coincidence  was,  that  Jiistitiian  }i;k1  erected  his 
Mary  Church  so  near  this  spot,  that  most  travellers  roiiteiided  that  the 
Aksiih  must  be  tlie  identical  building.  There  was  abundance  of  evi- 
dence to  prove  tliat  tiiat  was  not  so.    But  tiie  iact  of  tlial  Emperor 

liaving  come  to  this  comer  of  the  d^,  so  near  to  the  accursed  temple 
of  the  Jews  to  erect  his  chureh,  proved  that  the  great  group  of  sacred 
localities  must  have  been  in  this  neighbourhood. 

In  concluding  this  part  of  his  subject,  the  speaker  contended  that 

the  historical,  loc;d,  and  architectural  evidence  connected  with  these 
four  buildings  made  togetlier  so  cle&r  and  tangible  a  proof  of  his  pro- 
position, that  no  direct  refutation  of  it  hud  been  attempted,  and,  in  so 
£ir  as  he  could  judge,  none  was  possible. 

Au  objection  to  this  theory  had  been  raised,  that  the  church  of 
Covtantine  was  not  within  the  city  wall,  whereas  the  Mosque  of  Omar 
was.  The  difilcolty  was,  however,  at  once  removed  by  the  knowledge 
that  the  wall  which  now  runs  along  the  eastern  side  of  the  Haram  arsa 
was  erected  by  Herod  Agrippa  twelve  years  after  the  crucifixion,  and 
coiiseqHet>tlv  the  locality  was  at  that  time  certainly  without  tlie  walls. 
It  was  also  clear  that  the  site  of  this  building  was  the  Hill  of  Zioo ; 
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and  tlmt  tfaeTomlMiif  tbe  Kiugiof  Jndah  wm  always  in  that  loaaUty ; 

and  there  were  many  other  tomba  In  the  neighbourhood.  The  speaker 
Ulastrated  this  branch  of  the  argument  by  reference  to  the  site  of  the 
Temple  of  the  Jews,  as  dej^orihed  by  Josephus—the  position  of  the 
Jews  Wailing  Place — the  erection  of  the  *'  El  Aitsah,"  avowedly  on 
the  site  of  the  tcii4>Ie,  byjhe  Mahoraedans  (a  true  mosque,  pointing: 
towards  Mecca)  about  the  year  bi>6,  and  to  a  small  mosque  really  built 
by  Omar,  which  still  enata  attached  to  the  alale  of  the  Aksah,  and  over* 
Imnging  the  aoathem  wall,  and  to  the  desecration  of  the  Akaah  by  the 
Sj&ht  Templare,  who  resided  in  and  took  their  name  from  it.  While, 
on  the  other  hand,  tlie  Crusaders  reverenced  the  Dome  of  the  Rock, 
under  the  title  of  **  Teuiplum  Domini,"  and  considered  it  as  sacred,  if 
not  more  so  than  the  **  Sf  piilchrum  Domini."  All  wlnrh  pmvod  that 
from  the  time  of  Constautine  to  the  Crusades  the  site  and  extent  of 
the  Jewish  temple  were  perfectly  well  known,  and  that  Jews,  Chris- 
tians, and  Moslems  knew  perfectly  well  that  this  biulding  was  outside 
it,  and  built  by  Christians,  thon^  Ibr  what  purpose  in  that  uncritical 
age  they  did  not  care  (a  inquire. 

Another  difficulty  was  the  break  in  the  tradition  as  to  the  true  site 
of  the  Sepulchre.  Down  to  the  time  of  the  Crusaders,  the  Mosque  of 
Omar,  or  rather  the  "Dome  of  the  Rook," — for  that  was  the  only 
name  by  which  it  was  known  to  the  Maiiornedans — was  recognized  as 
the  Churcli  of  the  Sepulchre  ;  but  after  that  period  the  church  ul  the 
middle  of  the  city  assumed  that  title,  without  any  record  being  pre- 
served of  the  change.  The  difficulty  waa  startling,  if  Judged  by  the 
standard  of  the  nineteenth  century ;  but  to  those  who  were  fiunlliar 
with  the.  depth  of  the  darkness  that  prevailed  in  the  eleventh,  and  what 
atnnge  things  were  then  passed  unnoticed,  the  ditiiculty  would  iiardly 
oocnr.  Kven  in  the  present  dav,  the  jralotisv  of  the  Greek  ChristiRus 
bid  fair  to  establish  a  ri\al  to  the  true  Garden  of  Oethscmane  in  the 
Valley  ol  Xtnlron.  The  e<iase  of  the  change  was  the  fierce  aiid  dread- 
ful persecution  of  the  Christians  by  the  Caliph  £1  Hakim,  about  the 
year  1000.  Every  Christian  was  mven  irom  Jerusalem  for  a  period 
of  forty-eight  years— long  enoogh  to  Impair  their*  traditions.  The 
Basilica  of  Gonstantine  was  destrayedi  but  the  Dome  of  the  Rock  was 
respected,  for  the  Mahomedana  reverence  Christ  as  the  Sixth  Prophet 
in  descent  from  Adam,  Malioraet  bein^^  the  Seventh.  On  their  return, 
the  Christians  built  a  sepiilehral  church  in  the  city  for  the  celebration 
of  the  Eii^ter  rites,  similar  to  the  round  churches  of  this  and  all  other 
Christian  countrit^ ;  and  thi^  became  the  resort  of  pilgrims  when 
pilgrimages  again  became  a  fashion.  These  pilgrims  were  led  by  the 
piieit  to  believe  their  church  maifced  the  Sepulchre ;  and  the  delusion 
was  maintained  with  the  Crusaden.  Indeed,  he  bdleved  at  that 
period  no  great  Importance  was  attached  to  the  question  of  the  eiact 
site. 

The  cliiirch  in  the  city  was  rebuilt  by  the  Crusaden  as  It  now  exists^ 
and  no  portion  of  it  was  older  than  the  year  1190. 

Some  medifeval  accounts  of  Jerusalem  were  quoted,  in  proof  that 
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the  Dome  of  the  Rock  was  early  regarded  as  the  site  of  the  Sepulchre. 

About  A.I).  530,  a  pilgrim  wrote  that  uiulf^r  t}io  rf)rk  thf^re  was  a  well, 
tliat  by  placing  the  ear  to  it  the  sound  of  water  might  be  lieard  below, 
and  that  if  an  apple  were  thrown  into  the  cavity  it  would  float  onward 
underground  to  the  pool  of  Siloaui,  where  it  would  be  found.  It  was 
most  remarkable  that  all  these  conditions  applied  to  the  rock  in  the 
Mosque  of  Omar  at  this  day ;  the  sound  of  runniDg  wat^  oould  be 
heard,  and  M.  Pierrotti  had  actually  traced  its  current  to  Siloam.  On 
the  contraiy,  in  the  church  in  the  city  there  was  no  rock,  no  cave,  no 
well»  and  no  communication  with  Siloam.  -  Other  refermces  by 
mediaeval  writers  t(MKlpd  to  confirm  this  %'iew. 

In  the  churcli  la  the  city,  instead  uf  the  natural  rock,  there  was  a 
tibernacle  of  marble,  built  on  tlie  pavement, in  the  middle  ages;  and 
tlie  Golgotha,  under  the  same  roof,  waB  buill  up  of  marble  and  granite ; 
the  stone  of  the  country  being  limestooe. 

Although  not  of  vita!  importance  in  a  religious  point  of  view,  still 
it  was  desirable  that  the  Bible  narrative  should  be  reconciled  with  local 
knowledge*  The  Dome  of  the  Rock  answered.all  the  requirements  of 
the  J^ible  narrative,  and  of  Eusebius  ;  the  so-called  Church  of  the 
Sepulchre  answered  none.  It  was  true  the  main  argument  rested  upon 
architectural  evidence  ;  but  this,  to  the  educated  mind,  was  perfectly 
conclusive.  It  might  not  be  agreeable  to  have  the  faith  disturbed,  or 
old  traditions  upset,  but  the  speaker  felt  the  utmost  confidence  that 
it  would  and  must  be  ultimately  admitted  that  the  building  called 
the  Dome  of  the  Rock,  or  the  Mosque  of  Omar,  was  the  identical 
church  wliich  Constantine  the  Great  built  over,  what  he  at  least 
believed  to  be,  the  Sepulchre  of  Christ 

The  discourse  was  illustrated  by  a  map  of  Jerusalem,  and  plans 
and  drawings  of  the  buildings  referred  to ;  inciudiug  Mr.  Carl  Haag's 
elaborate  drawing  of  the  rock  and  interior  of  the  church. 

[J.  F.] 


WKiiKLY  EVENING  MEETING, 

Friday,  February  28,  1862. 

Sib  Henry  Holulnd,  Bart  D.C.L.  F.R.S.  Vice-President, 

in  the  Chair. 

A.  £.  Durham,  Esq. 
On  Sleeping  and  Dreaming, 
[Abstmot  Ddfoffcd.] 


Digitized  by  CoDgle 


1862.] 


Gmural  Mimtkfy  Mmlmg, 


42da 


GENERAL  MONTHLT  MEETING, 

Monday,  March  3,  1862. 

WnuAX  Pouy  Emi-  M.A.  F.BJS.  Treasurer  and  Vke-PrMideDt, 

in  the  Chair. 

John  Biikett,  Eaq*  F.E.CJ3.  F.LJS. 

Jonathan  Sparrow  Crowley,  Esq.  F.GJSt. 

Major-General  Charles  J  rnes  Green. 

Alexander  Henderson  Nw^ougall,  Esq. 

The  Rev.  George  Bfus^^ve  Musgrave,  M.A.  Oxou. 

A.  C.  Brisbane  KeiU,  M.D. 

Frandt  Fine,  Esq. 

Robert  Pryor,  Esq. 

Sir  Joshua  Rowe,  C.B. 

Samuel  Soott,  Esq. 

Edward  ITenry  Sieveking,  IVf.D. 

Oswald  Augustus  Smith,  Esq. 

Alexander  Jolm  Sutherland,  M.D.  FJi.fc>. 

Jam^  Thomuii  \\  hiie,  Esq. 

Herbert  George  Yatman,  Esq. 

were  elected  Members  of  the  Eoyal  Institution. 

Robert  R.  Carew,  Esq, 

William  Whitaker  Collins,  Esq.  and 

John  Pamell,  Esq. 

were  admitted  Members  of  the  Royal  Institution. 

The  following  Letter  from  the  Comte  de  Paiia  to  the  Secretary, 
was  read: — 

''WASHDiaTOiv,  Fdrrmasnt  Snd^lSeS. 

Sir, 

"  I  have  just  received  notiflcation  that  the  Members  of  the  Ro^al  lastimtion, 
among  whom  my  bcother  and  I  had  the  hoooiur  of  being  admitted  last  year, 
-Ti  n  to  meet  on  the  I3th  of  Jaounry,  to  draw  up  au  Address  to  the  Qooen  00 
occasion  of  the  sadden  and  irreparable  loss  of  the  rrioce  Consort. 

**  While  loval  Eof^huid  wu  ofienog  to  her  affieled  Sovereign  the  ^bnte  of  an 
manimoos  and  tooehing  sympathy,  every  man  in  the  world  felt  the  loss  of  the 
Prince  whose  intelligf^nc*',  energy,  and  imtiring  exertions  had  Hocn,  dnringa  too 
short  career,  exclnsivciy  devoted  to  the  progrees  of  ciTilizatioo  aud  the  beneflt  ^ 
metikinil.  mit  Hie  extent  of  that  loas  can  muY  be  fally  appredated  by  Hmee  who 
had  many  opportnuities  of  witnessing  that  domestic  happiness  so  cruelly  inter- 
rupted and  who  shall  always  keep,  with  as  much  gratitude  as  regret,  the  vivid 
remembrance  of  one  who  proved  not  only  a  kind  relation  but  a  friend  to  all  their 
ftmily. 

"  We,  therefore,  deeply  regret  not  to  have  heard  of  that  M»'<'tmg  in  time  to 
send  from  tbb  distaut  country  oar  sincere  adhesion  to  the  homage  paid  to  his 
respected  memory  by  the  iUnstrions  Society  o)ver  which  he  so  olUn  pierided,  and 
net  to  Imve  been  able  to  avail  ovnel^es  of  oar  privilege  as  Hembeis  of  tiie  Royal 
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iDstitatioii  pneiiely  in  the  dmnwuHnoe  where  we  ihoald  have  been  mott  anzioot 

to  do  so. 

I  beg  jott,  Sir,  to  convey  to  the  Presideot  the  expression  of  these  regretSi  and 
I  rannuiy 

*'  Very  tnily  yours, 
<' LOUIS- PHILIPPE  D'OKLEAMS^ 
**  GoMTB  VB  Pine.** 

The  Presents  received  since  the  hist  Meeting;  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same :  viz. 
From 

AmatUt  Society  of  Benaal—JcnwtH,  No.  283.   8to.  1861. 

Attronimical  Sociely,  lioyal — Montiily  Notices,  Jan.  1862.  8vo. 

Barclay,  Mr.  G»  (the  Author) — Mouograntt :  D.    8vo.  1862. 

Baoel,  Natttrfonehmier  OeBdUekqft—Vefbtaidlvaigen:  Theil  III.    Hefl  1,  S. 

8vo.    1861.  ' 
BomlHty  Branch  of  the  lin'jal  Asiatic  5oci>r^— Journal,  No.  21.    8ro.  1862. 
Chemical  6Vx  it/ y— Quarterly  Juumal,  Nos.  57,  38.    8vo.  1862. 
Civil  Enifineers  Institution — Proceedings,  Febroary,  1862.  8vo. 
JMla  line.  Warren,  Est},  Ph.D.  F.B.S.  M.R.I,  {the  ylw/W)— Engraving  of  the 

Great  Comet  of  1861,  as  seen  by  a  Newtonian  Equatorial  of  13  inches,  aper> 

tare,  July  3,  1861. 

jyOruy,  Rev.  A.  J.  B.D.  (lAt  AtOhory^'PrmB^iul  Gnmmar  of  Portogneie  and 

English.    l6to.  1860. 
JJubiin  Society,  lioyal— J ouroaA,  Nos.  20-23.    8vo.  1861. 
£rftlor9— American  Joomal  of  Seienee,  by  B.  SiHimen,  &e.»  for  Jan.  1868.  8to. 

Arti/aii  for  Feb.  1862.  4to. 

Atheuacum  for  Feb.  1862.  4to. 

Chemical  News  ibr  Feb.  1868.  4to. 

Engineer  for  Feb.  1862.  fol. 

Iloroloirieal  Journal,  No,  42.    8vo.  1862. 

Joiu  nul  of  Gas-Lighting  for  Feb.  1862.  4to. 

Mechanics'  Magazine  for  Feb.  1868.  8to. 

Medical  Circular  for  Feb.  1862.  8\o. 

Practical  Mechanics'  Journal  for  Feb.  1862.  4to. 

Teehnoloffist  far  Feb.  1868.  8to. 
Ferffusson,  James,  Esq.  {the  >4u<Aor)— Notes  cnthe  Site  of  the  Holy  Sepalehie  at 

Jerusixlem.    (K  88)    8vo.    i  sr.l. 
Franklin  InMittite  cf  l^cnnsi/liuiiua — .Jourual,  Vol.  XLIV.    No.  I.    8vo.  1862. 
frWoiyicai  iSociWy— Quarterly  Journal,  No.  69.    8vo.  lSfi2. 
Horticultural  Socict>/,  Royal — Proceedings,  1802.    No.  2. 

Hutuarian  Academy  of  Scteiices— Tramactious,  Proceedings,  and  liepurta  (in 
Hungarian).  4to«and8m  88  vols.  1888-^1. 

Machie,  S.  /.  Esq.  F.G.S.  (the  Editor)— The  Geologist  for  Feb.  1862.  8vo. 

MaHltf,  E.  {the  Author) — Essai  sur  les  Institutions  Scicntifiqnes  de  U  Grande^ 
liretaffne et de  rirlaudc.    II.    I6to.    (0  13)  1862. 

MUMit  Omrge^  Etq.  {the  Author)— Letters  to  Earl  RnsieU,  respeeting  the  late 
Events  at  Warsaw.    (K  88)    8vo.  1S02. 

Newton.  Messrs. — London  Journal,  (New  SSeri^,  for  Feb.  1861.  8vo. 

PnM,  Brnuy  P,  A,  M.D,  (fhe  Avthor)— The  Genealogy  of  Cmtion,  newly  trans- 
lated from  the  Unpointed  Hebrew  Text  of  the  Hook  of  Genesis.    8vo.  1861. 

Petermann,  A.  Esq.  {the  ^tfor)— Mittheilongen  aos  dem  Gesanuntgebiete  der 
Geographic.    1862.    No.  1.  4to. 

PJidfi^/iAic  &c»€<y— Journal,  No.  118.   8vo.  1861. 

Skmnoiekt  Miss  Anna.  M.R.I,  {the  Thimfaior)— Selectiooe  from  the  Dramas  of 

Goethe  and  Schiller.   8vo.  1843. 
Vmted  Service  ImtUvHon,  Roml—Jwmlt  No.  18.  8vo.  1861. 
Vereins  zur  lirfdrdenteg  du  Oewer^/leiamt  im  /VevMn— Veihandlongen,  Sept.  nnd 

Oct.    4to.  ISGl. 

Beavan,  Hugh  J.  C,  Esq.  (^Annual  Subscriber) — Spanish  liundarilla.  Knife, and  Oap^ 
and  Minerals  and  Fonb,  fton  Fonehal,  Madeira,  and  other  plaess. 
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WEEKLY  EVENING  MEETING, 

Friday,  March  7,  1862. 

Tub  Rev,  John  Babluow,  M.A.  Vice-President, 

in  the  Chair* 

Pbofsbsor  D.  Ouvsb, 


On  the  Dutribulion  of  Nurlhem  PlatiU, 

The  discourse  referred  primarily  to  the  botanical  evidence  bearing 
upon  ^  hypotbeiis  advanced  by  Pkofenon  Unger  *  and  Heer  f  of  an 
Atlantic  communication  between  Europe  and  America  at  vome  period 
of  the  tertiary  epoch.  The  close  analogy  which  is  to  be  traced  between 
the  miocene  flora  of  central  Europe  and  the  existing  flora  of  the 
Eastern  Americjin  States,  thp<?e  nnthors  conceive  can  only  be  explained 
by  as8uniiiif^  such  direct  overland  connection  of  the  two  Continents. 

The  speaker  explained  the  basis  upon  which  comparisons  l)t  tween 
two  recent  floras  and  between  a  recent  and  a  fossil  flora  should  rest, 
referring  to  the  peculiar  conditions  which  affect  the  latter  comparison 
owing  to  the  imperfect  and  partial  character  of  the  foasil  element. 
The  general  chmeter  of  the  tertiary  flora  of  central  Europe  was 
described.  In  the  lertiarf  beds  of  Switaerland,  according  to  Professor 
Heer,{  abooi  800  species  of  Phanerogamia  have  been  discovered, 
referable  to  197  genera  (exclusive  of  Phf/ilitf>ft,  CarpoUtkn^  ^Bc)joi 
which  number  154  still  exist.    Of  these  genera — 

76  are  common  to  the  Swiaa  tertitiy, 

and  to  the  pfeaent  flora  of  •      .  Europe. 
77  Japan. 

88  "Ditto  States,  America. 

120  •    Europe    and  Asia 

(taken  together,  and 
including  Japan). 

It  ia  to  be  noted  that  the  77  of  Japan  include  26  not  occurring  In 
Bniope :  amongat  them  several  forma  highly  cbaracteriatie  of  the  teiv 

*  *Die  Tereuokene  Insel  Atlantis.' 
t  *  Floia  Tertiiria  HeWetus.' 

t  The  Tertiary  data  wer«  throaghimt  derived  limn  the  'Ploia 

Helvetia '  of  Professor  Heer. 

You  IXL  (No.  35.)  2  a 
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ttaiy,  as  GluptoitrobiUf  Dumeroas  Fid^  coriaceoas-leaTed  oafci  and 
XoHrooney  Juglandemy  LigmdeHmbar^  Ac, 

The  genera^  common  to  the  Swiss  tertiary  and  the  United  Stattii, 
which  are  not  found  also  in  the  old  world,  are  SabtU^  Taxodiumf 

Bttmelia,  Liriodmdnmy  Ceunothus^  Pfelea,  and  Caryn.  But  in 
res|)ect  to  these  7  it  Wiis  observed  tlifit  at  least  5  were  very  doubtful 
determinations.  I  Ij*'  9  largest  orders  ol  the  'Flora  Tertiaria  Hel- 
vetiae'  arc  LeganunoscEy  Aifientacae,  CyperacetE,  ProtecuietB,  Lau- 
racea,  Grammete,  Com/em^  ComposiUey  and  AceracetB,  Of  these 
Orders  8  are  included  in  the  9  largest  of  Emope,  4  in  the  9  largest  of 
the  United  States,  and  6  in  Uie  9  largest  of  Japan,  while  the  remaining 
3  of  the  tertiary,  not  included  in  the  9  largest  orders  of  Japan,  are 
much  in  ore  largely  developed  in  Japan  than  in  the  United  States. 
Xhey  are  Lauracecp^  Aceracea;,  and  Proteacecp. 

The  projiortion  of  ligneous  to  herbaceous  species  in  tiie  above 
floras  wjuj  alluded  to.  Ileer  estimates  ligneous  jjlants  to  have  formed 
about  (36  per  cent,  of  the  phauerogauiic  vegetation  of  the  tertiary 
in  Switzerland.  The  speaker  considered  this  estimate  as  too  high, 
believing  that  sufficient  allowance  had  not  been  made  for  the  ad* 
vantages  that  ligneous  plants,  which  are  often  tall^mmed,  possess 
over  herbaceous  species  in  securing  access  of  their  leaves  and  debris  to 
the  waters  in  which  they  had  been  floated,  and  ultimately  preserved. 
He  admitted,  however,  that  ligneous  species  were  relatively  very 
numerous  in  tiie  \  egelalioa  of  the  tertiary  period.  The  pidpoiUDn  of 
ligneous  plants  he  estimates  la  tlic  existing  tiora  of  Japan  at  near  40 
percent., in  the  Southern  States  22,  Northern  States  18, Europe 9 
to  12. 

The  intimate  relationship  traceable  between  the  tertiary  and 
Japanese  floras  in  the  numerous  characteristic  types  common  to  both ; 

the  issue  of  the  ordinal  and  generic  comparisons  given  above  ;  the 
larger  proportion  of  ligneous  speries  in  the  .Inpf\nese  than  in  tlie 
Kastern  American  flora  ;  and  the  number  of  types  perijliar,  at  the 
present  diiy,  to  Eastern  America  and  Eastern  Asia,  coiripared  with  the 
few  restricted  to  Europe  and  America,  the  speaker  contends,  favour 
the  view  advanced  Professor  Asa  Gray  in  reference  to  plants  and  br 
Hr«  Darwin  as  to  animals,  viz. — ^that  the  migratioti  of  forms  to  which 
is  due  the  community  of  types  in  the  Eastern  States  of  Nortli  America 
and  the  miocene  of  Europe,  took  place  to  the  north  of  the  Pacific  ;  an 
overland  communication  it  may  be  supposed,  having  existed  during 
the  tertiary  time  somewhere  about  Behring's  Straits  or  the  line  of  the 
Aleutian  Islands.  This  view  is  contirmed  by  the  occurrence  of 
miocene  vegetable  remains  in  North-west  America  (including  genera 
yet  growing  in  Japan  hot  lost  to  America),  which  prove,  further,  the 
temperature  of  these  latitudes  to  have  been  at  that  time  suffidendy 
high  to  have  permitted  their  existence  so  far  north. 

The  evidence  in  favour  of  the  '  Atlantis '  hypothesis  might,  more- 
over, be  expected  to  have  been  more  marked  in  the  existing  vegetation 
of  the  Atlantic  Islands  than  is  the  case.   Professor  Ueer  points  out  the 
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geoera  Cletkra^  Sostropogon,  CedroneUoy  and  Oreodapkne  as  common 
to  the  Atbmtie  IdanaB  and  America.  Japaneie  8pecaef»  however, 
have  heen  deMirtbed  of  Cktkra  and  Cedronellai  and  MeMfa.  Webb 
and  Berthelot  limit  Bystropogon  to  Atlantic  Island  epedea.  Oreo- 

daphne  occurs  in  South  Africa  and  adjacent  islands. 

A  coriTiection  between  these  IsUnds  ntid  Europe,  at  perhnps  a  Inte 
period  of  the  tertiary,  may  be  considered  as  iiiphly  probable  fioni  the 
predoininaiice  of  Mediterranean  forms  in  their  iiora.  'i  he  fV  w  gejiera 
ciiaraclerititic  of  the  tertiary  which  they  possess  may  have  been 
derived  daring  thia  oooneotion  \  bot  the  hypotfaeala  that  a  continent 
diould  have  extended  westward  aa  &r  as  America,  the  speaker 
considered  the  available  botanical  evidence  did  not  in  the  least 
sobstantiate. 

Throtif^h  the  kindness  of  Dr.  Hooker  the  speaker  was  enabled 
to  exhibit  numerous  specimens, — living,  dried,  and  fossil,  illustrative 
of  his  observatioos, 

[D.  O.] 


WEEKLY  EVENING  MEETIKG, 

Friday,  March  14,  1862. 

Sir  Henry  Holland,  liart.  M.D.  D.C.L.  F.R.S.  Vice-President^ 

in  the  Chair. 

WiujAM  8COVSLL  SavobX)  £sq.  Jb\li.S. 
On  Motion  in  Planis  and  AmmaU. 

yiTAi«  motion  is  at  once  associated  with  oar  idea  of  an  animat  We 
speak  of  Yduntaiy  motioii  as  emphatically  an  animal  fbnction*  And 
this  tmly  and  naturally :  for  it  is  in  the  animal  kingdom  that  we  are 
accustomed  to  witness  motion  which  depends  on  the  vital  property  of 

a  structure;  and  those  movements  with  which  we  are  most  familiar — 
those  seen  in  ourselves  and  in  the  higher  animals — we  know  to 
be  usually  under  the  influence  of  a  will.  But  while  the  power  of 
producing  motiou,  and  motion  too  which  dependti  ou  the  vital  property' 
of  a  Btractore,  is  an  attribnte  of  the  vegetable  as  well  aa  of  the  anhnal 
kingdom,  vohmtary  motion  in  the  proper  aoeeptatioD  of  the  tern  is 
restricted  to  a  portion  of  the  animal  Jdn^om. 

Voluntary  motion  is  therefore  an  animal  function,  inasmuch  as 

there  is  no  evidence  whalever  thnt  any  movement  in  plant?  is  volnn- 
tary ;  at  the  tame  time  it  must  be  remembered  that  there  is  not  a  tittle 
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more  evidence  that  the  motion  exbiluted  by  far  the  laigeit  number 
of  animals  is  voluntary. 

Nor  is  it  pcMtble  to  say  wheD  or  wlim  the  earlieit  indicstioiis  of 
voluntary  motion  appear-Almt  is  to  say,  a  movement  under  tbe 

influence  of  a  will :  but  undoubtedly  the  application  of  the  phrase 
should  be  restricted  within  much  narrower  limits  than  it  commonly  is. 

We  are  apt  to  confound  the  term  *  voluntary*  with  the  visible 
adaptiitioii  of  a  movement  to  an  obvious  purpose;  but  a  passing* 
consideration  of  some  of  our  own  functions  will  render  this  error 
nianiifcat.    I'd'  example,  wiiat  movements  are  more  obviously  adapted 

to  a  definite  purpose  than  those  of  the  nttsdes  of  reniyadon — ^the 
mosdes  by  whose  aetion  the  respirstory  movements  are  emeted?  Tet 
we  know  that  neither  the  will  nor  even  oonsdoosne^s  is  at  all  times 
eoncerned  in  them,  for  they  woriL  most  efficiently  during  the  pro- 

Iboodest  sleep. 

Again,  the  evident  purpose  anrl  adaptation  luaTiifested  in  the 
movements  oi  animals — the  cold-blooded  lor  example — wlien  beheaded, 
must  be  admitted  to  be  independent  of  will  or  consciousness,  or  we  are 
driven  to  the  eitraTagant  aasomption  that  these  Acuities  may  remain 
after  the  brain  is  removed. 

Bsss  at  once  to  the  other  extreme  of  animal  life  and  watch  the 
movements  of  Infusoria.  What  actions  do  tliey  exhibit  more  entitled 
to  be  called  voluntary  than  those  just  mentioned  ?  "When  we  observe 
the  movements  which  these  active  atoitis  accomplish,  we  are  prone, 
from  our  preconceived  ideas  of  motion  as  we  commonly  witness  it  in 
the  higher  animals  and  in  ourselves,  to  consider  it  voluntary  without 
sufficient  evidence. 

Nor  is  it  only  ia  the  lowly  organised  Infusoria  that  we  seek  in 
vain  for  any  evidence  of  tbe  existence  of  a  will.  There  are  no  good 
grounds  for  concluding  that  the  actions  of  creatures  ftr  beyond  uese 
are  in  their  nature  voluntary. 

Be  it  remembered  that  there  is  no  more  evidence  of  the  existence 
even  of  nerve-force  in  the  simplest  animals  than  in  plants.  No  trace 
of  nerve-structure  has  yet  been  demonstrated. 

Tiie  viiiible  adaptation  of  a  movement  to  an  obvious  purpose,  is 

therefore  not  necesaarily  evidence  that  it  b  vclunlavy.  It  hy  no  means 
implies  even  consetousness ;  far  less  of  itself  does  it  indicate  a  wilL 

Still  more  closely  is  Locomotion  associated  with  our  idea  of  the 
nature  of  an  animal.   And  although,  when  the  higher  individuals  or 

extreme  forms  of  the  two  kingdoms  are  compared,  the  power  of 
locomotion  is  nndfnibtrdly  a  strikinir  nnd  distinctiv(-  attribute  of  nn 
animal,  yet  wlule  on  the  one  hand  vast  numbers  ot  tlie  lower  animals 
are  fixed  to  one  spot,  on  the  other,  many  of  the  low^t  iurms  of 
▼egetahle  life  possess  the  power  of  locomotion.  Amongst  the  lower 
members  of  either  kingdom  many  are  locomotive  in  the  earlier,  and 
fixed  in  the  later,  periods  of  their  existence.  Some  others  again  are 
locomotive  only  during  the  later  stages  of  their  existence. 

The  movements  which  are  exhibited  by  living  beings  are  not 
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oiily  very  various  In  themselves,  but  obviously  depend^t  on  widely 
difiercat  cauives.    They  may,  I  think,  be  thus  classified  ;• 

Motion  dae  to  eztraneoiis  causes. 

Hol«ciilar  mofemeDt— the  peculiar  moYement  visible  in  the 
minutest  granules  or  molecules  of  matter  when  placed  in  a  fluid  whicli 

Is  not  too  tenacious,  and  viewed  by  the  highest  powers  of  the  microscope 
—IS  nn  example  of  this  kind  of  motion.  It  isdue,  in  great  part  at 
least,  simply  to  vibration. 

Hovaments  which  are  dna  to  osmotic  comnts  and  other 
hygroscopic  changes. 

In  the  v^^ble  kingdom  the  expulsion  of  the  seeds  ftom  the  ripe 
frnit  of  the  spirting  cucumber  (JfoMordiea  JElaterium)  may  be  selected 
as  a  remarkable  example.   Although  we  cannot  bring  forward  from 

the  animal  kingdom  such  striking  illustrations  of  osmotic  force  as 
this  one,  yet  there  is  every  reason  to  belie\e  that  it  is  constantly 
playing  a  most  important  part  in  the  transference  of  matter. 

Movement  due  to  the  physical  properties  of  a  tissue. 

Elasde  Hasue  plays  an  interesting  and  important  perl  in  wiona 
movements  of  animals ;  and  this  simply  by  means  of  Its  physical 
property  of  elasticity  which  it  possesses  in  perfection.  This  elastic 
tissue  is  of  conrse  passive,  until  cither  extended  or  compref;so<l  by  some 
force — and  this  iorce  is  ustmlly  iiiuscidnr  action — when  as  the  force  la 
remitted  it  recoils  with  proportionate  power.  Ihus  we  commonly 
consider  its  use  in  relation  to  muscular  action.  It  may  either  assist 
muscular  action — be  accessory  to  it,  or  it  may  be  opposed  to  muscular 
action — acting  in  an  opposlto  direetion.  Elastic  tissne  Is  commonly 
rendered  active  by  stratehing,  sometimes  however  It  Is  compressed. 
As  Illustrations  of  these  several  modes  and  purposes  of  action  may  be 
mentioned  the  functions  of  the  Ligamentum  Nuchas,  of  the  spring  and 
ligament  at  the  hinge  of  the  shell  of  bivalves,  of  the  elastic  ligaments 
attached  to  tfie  claws  of  FelidcB,  and  of"  tlic  vocal  cords.  Again, 
mo\em{ints  produced  by  the  elastic  recoil  of  stretched  or  distended 
tissues  in  plants  are  common  enough.  To  elasticity  the  bursting  of 
seed  cases  and  anthers  is  without  doubt  to  be  in  great  measure 
leftrred. 

Movements  due  to  a  stnictiire  possessing  the  vital  property  of 
contractility — vital  motion. 

By  vital  contractility  is  to  be  understood  the  power  which  certain 
structures  possess  of  altering  their  form,  of  approximating  distant 
parts  by  an  inherent  force. 

Examples  of  vital  oontnetility  in  animals  are  found  everywhere. 

•  From  the  causes  of  motion  !  exrliulc  \hc  changes  which  nrc  involved  in 
DatritioD ;  for  no  attempt  to  review  these  could  be  brought  within  the  scope 
this  disoouxse. 
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To  certain  structures  in  which  this  property  is  most  plainly  and 
strougly  marked  the  term  muscle  is  applied ;  but  these  structures  are 
10  various  tn  their  characterB,  that  the  only  common  dlstinctiTe  featoie 
they  pooaess  is  oontiactility.  Hoteorer,  odier  fonns  of  contfactile 
tissue  oocnr  in  the  animal  kingdom,  as  oertain  eell-iralls,  or  odl 
contents  or  globules.  Nay  more,  a  substance,  presenting  no  structure 
or  any  definite  form  wlmtover,  mav  yet  possess  this  power.  Now. 
although  t]w  tenii  muscle  is  not  coiiimoiiiy  applied  to  fill  these  forni^^ 
of  contractile  substance,  hwt  usually  restricted  to  thobo  varivtlrs  w  hieli 
assume  a  definite  shape,  and  appear  hbres,  yet  an  extended  exami- 
nation of  the  various  forms  of  contraedle  substance  which  6ccar  in 
the  animal  Idngdom  will  show  that  this  distinction,  although  perhaps 
better  than  any  other,  and  sufficient  for  ordinary  purposes,  is  never- 
theless an  arbitrary  one,  and  cannot  be  applied  in  all  cases.  The 
several  forms  of  contractile  substance  pass  so  insensibly  into  each 
other,  tlmt  it  is  not  practicable  to  point  ont  when  or  where  distinct 
and  isolated  iWyves  first  appear;  so  that  those  who  insist  upon  the 
distinction  are  compelled  to  admit  the  existence  of  transitional  forms : 
so  numerous  and  gradual  are  the  changes  by  which  special  parts — 
fully-formed  muscular  fibres,  arise  out  of  the  genenu  structure- 
amorphous,  contractile  snbstatiee.  It  is  at  least  clear  that  the 
various  structure,  commonly  called  muscles^  are  not  connected  by  any 
physiological  characters  which  distinguish  them  from  other  forms  of 
contractile  tissue.  M'e  can  but  say  of  the  muscles,  as  of  all  forms  of 
•cotitrac  tile  tissue,  that  they  are  distinguished  only  by  the  possession  of 
a  peculiar  power. 

Jiut  a  structure  endowed  with  vital  contractility  is  not  peculiar  to 
the  animal  kingdom.  Although  much  more  restricted  in  its  occurs 
renee  and  eitent,  in  the  degree  to  which  it  is  developed,  and  pn^ 
portionally  in  its  power  of  action,  and  never,  so  far  as  we  iLnow, 
appearing  in  the  form  of  striated  fibre  in  the  vegetable  kingdom  ;  yet 
a  tissue  possessing  vital  contractility  is  found  in  i)lants.  A  substance 
endowed  with  this  power  occurs  in  the  vegetable  kingdom,  which, 
in  structure  and  function,  cannot  be  distinguished  from  the  simplest 
form  of  animal  contractile  tissue. 

The  substance  called  '  Protoplasm '  exhibits  changes  of  form  and 
otlier  movements  which  cannot  he  explained  by  any  physical  proper^, 
or  by  any  extraneous  influenees:  These  movements  are  most  remark- 
ably shown  at  times  in  the  spaces  of  young  cellular  tiisae.  The 
movement  termed  rotation  or  gyration,  which  is  oflen  seen  in  the 
contfMits  nf  young  cells,"  and  which,  in  some  form  or  other,  are 
probably  of  general  occurrence,  may  depend  on  the  contractility  of 
protoplasm.  They  are  said  by  those  who  have  studied  them  to  present 
a  cluHti  resemblance  to  those  of  Amccba  and  its  allies.  Is'o  one  ha^  yet 
shown  a  distinction  of  importance  between  protoplasm  of  the  vegetable 
and  sarcode  of  the  animal  kingdom. 

But  there  are  other  movements  in  plants,  the  cause  of  which  is 
less  equivocal.    Such  movements  are  not  confined  to  the  lowest 
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pUmlSy— as  the  OteSUaionmi-'^t  aae  met  with  amongst  the  moat 
highly  organized  memhen  of  the  TC^eiable  kingdom.  The  moveroenU 
of  sensitive  plants,  various  speciti  4yf  Mimosa^  of  Dioosea  Muscipula^ 

of  certain  tropical  species  of  Desmodium,  of  the  stamens  of  Berberry, 
&c.,  can  be  referred  only  to  vital  contractility  of  certain  of  their 
tissues.  What*  VLT  obscurity  may  hang  over  tlie-.-r,  let  it  be  remarked 
that  there  is  the  t>aine  evideiice  ui  the  nature  ot  this  vital  contractility 
in  plants  as  in  animals.  It  is  dependent  on  life,  and  not,  like  any 
physical  pnperty,  retained  so  long  as  the  stradme  itsdf  is  not 
destroyed.  60,  also,  these  movements  either  oocor  spontaneously,  or 
majr  ba  exetted  by  Tarious  stimuli — ^toneh  fox  eiample*  If  these 
motions  depend  upon  elasticity  or  hygroscopic  changes,  or  any  otlier 
physical  cause  which  elsewhere  operates,  how  could  stimuli  act  to 
produce  them  ?  Moreover,  they  appt^ar  to  be  governed  by  the  same 
laws  that  regulate  their  action  in  the  animal  kingdom.  Their  energy 
varies  with  the  vigour  ui  the  plaut.  Excessive  exercise  produces 
exhaustion,  but  the  power  is  restored  during  subsequent  repose.  This 
evidenee,  thus  dear  and  satisfiMstory,  receives  a  remarkable  and  most 
interesting  confirmation  fiom  the  efibeta  produced  by  the  ywgwi  of 
chloroform. 

Now,  it  would  be  startling  to  tnlk  of  the  muscles  of  plants,  but, 
nevertheless,  we  see  that  a  structure  endowed  w^ith  vital  contractility 
occurs  in  them.  Tln^.  is  simply  a  question  of  the  relation  of  the  term 
muscle  to  contractile  tissue.  The  term  must  either  be  limited  to 
certain  forms  only  of  contractile  tissue  in  an$ma]8->and  it  may  be 
doubted  whether  it  be  practicable  even  thus  arbitrarily  to  define  its 
applicatton^or  it  must  be  extended  to  the  contractile  tissues  of  plants. 
At  ail  events  it  is  obvious  that  we  can  draw  no  physiological  distinction 
kietween  the  contractile  tissues  of  })lants  and  animals. 

The  contractile  tissues  of  the  biglier  aiiimals  are  indeed  capable  of 
being  excited  to  activity  by  a  peculiar  stimulus — the  ner\'e-force ;  but 
•  this  special  stiniuhis  does  not  exclude  the  operation  of  others,  and, 
what  is  nearer  to  uur  purpose,  there  is  no  more  evidence  of  the  opera- 
tion of  nerve-force  exdting  vital  contractility  in  the  substance  of  the 
simplest  animals  than  in  pknts» 

AlUrexduding  from  both  kingdoms  all  those  movements  whidi 
are  due  either  to  extraneous  causes,  or  simply  to  the  physical  properties 
of  a  tissue,  there  still  remains  in  the  vegetable,  a^^  in  tlie  animal 
kingdom,  motion  which  unquestionably  depends  on  vital  eijiitractility, 
and  this  is  perhaps  the  most  universal  attribute  of  living  beings. 


Digitized  by  Coogle 


4S6  Mr,  F.  A.  Abd  on  the  Cautes,  EffecU,         [Maidi  21, 


WEEKLY  EVENING  MEETING, 

Friday,  March  21,  1862. 

Xiie  iitv.  John  Bablow,  M.A.  F.B.S.  Vice-Presideat, 

in  the  Chair. 

F.  A.  Amkl^  Eiq.  FJiJS. 

On  some  of  the  Causes,  Effects,  and  Miiilary  A^licatUms  of 

Explosions* 

A  otMKm  was^  taken  at  the  general  natare  and  camea  of  the 
phaoomena  tenned  Ezplodoni^  and  atteotion  waa  tbeii  spedallj 
directed  to  thoie  ezplodooa  which  are  due  to  chemical  agency. 

In  all  inatances  of  chemical  action  aocoinpunied  by  an  exploeion, 

the  production  and  violence  of  the  latter  are  either  entirely  or  prin- 
cipally due  to  the  sudden  nnd  very  considerable  development  of  heat, 
which  results  from  the  disappearance,  for  the  time,  of  chemical  activity. 
The  violence  of  such  explosions  is  therefore  repulated  by  the  energy  of 
the  chemical  action,  or  the  degree  of  rapidity  with  which  the  chemical 
change  takes  place.  There  are  InfCaoees  in  which  the  change  of  atato 
(«.  ff.  the  oonyenioD  of  aulida  into  vapoun  and  gases),  reralting  from 
chemical  action  and  the  auddennees  with  which  this  transformation 
occurs,  would  suffice  to  produce  explosive  effects,  quite  independently  of 
the  effects  of  heat  developed  by  the  change  ;  but  in  all  such  instances  " 
the  sudden  increase  in  volume  of  the  mnttcr,  resulting-  simply  from  the 
chemical  change,  is  insigniticant  as  compared  with  the  expansive  eti'ect 
exerted,  at  the  same  time,  by  the  heat  developed  in  consequence  of  the 
sudden  and  violeal  disturbance  of  ciiemical  equilibrium.  Thus,  the 
actual  Toluine  of  gas  produced  on  the  deeompcaiticn  of  gunpowder^ 
though  very  oonaiderable  in  oompariaon  with  that  of  the  original  aolid, 
ia  but  email  when  compared  with  tiie  volume  which  it  oci  iipi(?s  at  the 
moment  of  its  production,  when  under  the  influence  of  the  intanae 
heat  resulting  from  the  chemical  change. 

Explosions  are  occasionally  produced  by  energetic  clifmiral  com- 
bination between  elementary  substances.  Thus,  potassium  combines 
with  bromine  witli  explosive  viokuce,  in  consequence  of  the  jjower- 
fully  expansive  effect  of  the  heat  resulting  from  the  intense  and  sudden 
ehemical  action  between  the  two  dementa.  Agam,  the  nnioQ  of 
hydrogen  with  oxygen  or  chlorine  ia  ao  energetic,  that  the  raanlting 
water  or  hydrochloric  acid  ia  auddenly  and  enormoualy  expanded  hj 
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the  heat  developed ;  a  powerfully  explosive  effect  being  oonsequeatly 
produced. 

Eiploiioot  afe  much  more  frequently  the  remit  of  cfaemieil  de- 
oompositioD.   Several  classes  of  compounds  are  knawn,  the  nnatable 

character  of  which  endows  them  with  explosive  properties.  Thus  the 
cornpouFids  known  as  the  chloride,  iodide,  and  bromide  of  nitrogen  are 
highly  susceptible  of  instantaneous  decomposition  ;  the  very  slightest 
disturbintj;  causes  suiiicing  to  d^troy  the  chemical  equilibrium  which 
exists  betweea  their  component  particles.  Compounds  of  silver  and 
gold  with  nitrogen,  hydrogen,  and  oxygen  (falminating  silver  and  gold), 
end  of  nlver  and  mereury  with  a  peeuliar  oigenie  group,  generally 
known  as  fnlminic  acid  (the  fulminatee  of  mercury  and  rilver),  are 
alao  highly  nuoeptible  of  sudden,  and  therefore  violently  expranYe, 
decomposition.  By  the  action  of  nitric  and  nitrous  acids  upon  several 
organic  bodies,  comfwunds  of  highly  explosive  characters  are  pro- 
duced, their  formation  resultinp^  from  the  abstraction  (by  oxidation)  of 
a  pruportion  oi  hydrogen-aioins  from  the  original  body,  and  the  in- 
troduetiooy  in  their  place,  of  a  high  oxide  of  nitrogen.  The  products 
of  the  action  of  nitric  add  upon  starch  and  cotton,  in  dtflRsmt  fonne, 
are  the  beet  known  of  these ;  among  others,  the  substances  known 
as  nitromannite  (obtained  by  the  action  of  nitric  acid  upon  mannite) 
and  nitroglycerine,  or  glonoine  (the  product  of  the  action  of  nitric 
acid  at  low  temperature  upon  glycerine),  are  remarkable  for  the 
violence  with  which  they  explode  when  submitted  to  IVirtion  or  con- 
cussion. One  of  the  moet  recently-discovered  and  curious  of  these 
explosive  organic  bodies  is  the  nitrate  of  diazobenzol,  obtained  by  the 
aetaoo  of  nitrone  acid  at  a  low  temperature  upon  aniline.  This  snb* 
ekance  explodes  at  least  as  Ticlently  as  iodide  of  nitrogen  and  fnl-  ' 
minate  of  silver,  if  eiposed  to  a  heat  approaching  that  of  iMriling 
water ;  it  is,  however,  far  less  sensitive  to  friction  than  those  two 
bodies.  Similarly  explosive  siibstanees  have  been  qtiite  recently  ob- 
tained by  Dr.  Hofmann  irora  derivntives  of  the  iuterestiiiij  and  im- 
|iortant  b;use,  rosaniline,  the  salts  of  wliieh  TurTiish  some  of  the  most 
beuutilul  of  the  colours  now  obtained  from  auiiiue. 

Eiplosione  are  most  readily  produced  by  establishing  chemical 
action  between  certain  sabstanoes,  greatly  opposed  to  eecn  other  in 
their  properties,  end  brought  together  in  an  intimate  state  of  mix* 
tare.  The  substances  applicaiile  to  the  production  of  sodi  mixtures 
are,  on  the  one  hand,  bodies  remarkable  for  their  great  affinity  for 
oxygen  ;  and,  on  the  other,  coinpountls  containing  that  element  in 
abundance,  and  partly,  or  entirely,  in  a  loose  state  of  <x>mbination« 
To  the  first  class  belong  the  elements  carbon,  sulphur,  and  phos- 
phorus, and  compounds  of  the  last  two,  with  readily  oxidisable  metals  ; 
the  second  class  includes  a  few  of  the  higher  metallic  <»ddes  (such  as 
the  higher  oxides  of  manganese  and  lead)  and  combinatioaB  of  metals 
with  nitric*  chloric,  and  perchloric  adds.  Mixtures  produced  with 
these  two  classes  of  bodies  readily  ignite,  or  afford  explosions,  either 
upon  the  direct  application  of  beat^  or  by  submitting  them  to  frictfon, 
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pereoflnoD,  or  ooacoMion ;  and,  id  a  ttm  ioitiDM,  bj  esUlilkhiog 
chemteal  action  in  a  small  portion  of  the  mixture,  with  the  aid  of  aone 
other  compound.  Theae  explotive  mixtures  vary  greatly  in  the  eaae 
with  whieb  ebemical  action  is  establiBhed  in  them,  and  in  the  rapidity 

and  violeuce  of  their  transformation  ;  their  properties  are  naturally 
regulated  by  the  chemicHl  and  physical  characters  of  their  ooostip 
bieuts,  and  by  the  degree  of  intimacy  of  their  mixture. 

The  variation  in  their  explosive  properties,  and  the  great  extent 
to  which  the  ehaiacLers  of  atiy  particular  mixture  may  be  modified, 
are  very  important  elementa  in  (heir  application  to  practical  pur- 
pocea ;  while  the  oomparatively  inatantaneoni  nature  of  the 
composition  of  exploaiTe  oompoundfli  and  the  facility  with  which 
it  ia  brought  about,  present  Terr  great,  and  in  many  enMa  in- 
superable, obstiicle*^  to  their  employment  as  explosive  agents.  By 
the  comparatively  gradual  decomposition  of  an  explosive  mixture, 
such  as  gunjKjwder  (when  employed  as  a  charge  in  a  gun),  the  force 
exerted,  by  the  gases  generated  in  the  coiiiined  space,  discovers^ 
before  it  attains  its  maximum,  that  portion  of  the  chamher  ea- 
dosing  the  powder  (i  e.  the  projectile^  whieh  ia  a^MMed  from 
the  remainder.  By  the  notion  wiiicfa  it  iMMdiileiy  impute  to  tUa^ 
the  mmaller  mass,  the  strain  upon  tiie  larger  mass,  forming  all  boi  one 
side  of  the  chamber  the  breech  of  the  gun),  ia  at  once  relieved, 
while  the  force  continues,  to  the  close  of  its  developnient,  to  act  in  the 
direction  of  the  mass  which  Ims  once  yielded  to  its  influence,  and  thus 
propels  the  projectile.  Tlie  explosion  of  a  charge  of  a  fulminete.  on 
the  other  hand,  in  the  chamber  of  a  gun,  is  so  instanlaneoui»  lhat  tlie 
maximum  of  force  is  at  once  develop^  and  the  strain  thus  exerted 
witiiin  the  chamber,  at  the  aame  time  that  it  overoomea  the  inertia  of 
the  projeettle  (or  the  movable  aide  of  tlie  chamber),  will  nlao  oveiw 
wheliB  the  cohesive  force  which  maintains  the  noaw  of  the  chamber 
entire,  and  the  breech  of  the  gun  will  therefore  be  shattered. 
Enclosed  in  a  shell,  n  rlinrp^e  of  n  ftilminate  will  produce  a  much 
greater  shattering  efl'ect  than  <iunj)o\vtler  n|M)n  the  metal  envelo[>ed, 
reducing  it  to  a  much  larijer  number  of  fra^niu  nts;  but  the  pieces  of 
the  shell,  produced  by  employing  gunpowder  as  the  bursting  agent,  will 
be  propelled  with  much  greater  violence,  becaoae  there  is  still  a 
development  of  foree  after  the  rupture  of  the  ahell,  while,  with  the 
fulminate,  the  entire  Ibroe  ia  at  ooceeipended  opon  thebuiating  of  the 
•helL 

Tlie  very  great  extent  to  which  the  rapidity  of  explosion  of  g^n« 
powder  may  be  modified  to  suit  different  applieations,  is  one  of  the 
most  important  properties  possessed  by  this  material.  A  very  rajildlv 
burning  powder  is  necessary  in  many  instances;  for  example,  in 
shrapnel  shells,  in  v^hich  the  charge  of  powder  is  required  to  break 
open  the  shell  without  interfering,  by  any  great  dispersive  elfeet,  with 
the  flight  of  the  endoied  bolleta  or  fiagmenta  of  metal.  In  mortars, 
and  short  guoa  alao,  a  quii&ly  burning  powder  b  required,  aa  they 
aflbrd  a  oomparatively  limited  apace  for  the  combiiation  of  the  charge. 
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If  a  sluwly  buruitig  powder  be  employ^  in  sucii  arms,  a  portion  of  the 
unexploded  diai|e !«  expelled  together  with  the  projectile,  the  period 
between  the  finl  ignhioD  of  the  powder,  end  the  expulnoo  of  the  ihot 
or  abeU  from  the  gun,  being  insufficient  for  the  combustioii  of  the 
entire  obarge.  In  long  guns  and  in  rifled  cannon  it  is  yery  impofw 
tant,  on  the  other  hand,  that  the  ignition  of  the  charge  of  powder 
should  take  place  grrtdimllv.  so  that  thn  prpfrsnre  exerted  thereby  upon 
the  gun  and  the  projet;tile  should,  after  the  first  ignition,  be  as  far  as 
p(^ible  utiilunniy  coutiiiuous  during  tlie  passage  of  the  shot  or  shell 
along  the  principal  portion,  if  not  the  entire  length,  of  the  gun's  bore. 
With  the  gunpowder  whiehhae  been,  until  quite  recently,  in  general 
me  Ibr  hurge  cannon^  the  netnel  explotion  of  a  ohai^  is  almoat 
enttrdy  occompliaiied  before  the  projeetile  has  passed  beyond  the 
tninoions  of  the  gun.  Hence  the  rear  portion  of  the  weapon  is  sub- 
ject to  a  strain  which  U  enormous  as  compared  to  that  sustained  by 
the  front  part  of  the  cannon.  Numerous  important  advantages  natu- 
rally result  from  a  more  uniform  distributiun  of  the  pressure  over  the 
interior  of  the  gun ;  for  instance,  the  necessity  of  constructing  the 
part  reaehbg  firom  tlie  breech  to  the  tnumiotis  of  very  much  greater 
atiength  than  the  remainder  (a  measure  which,  in  the  production  of 
cast-iron  cannon,  involves  oonmderable  difficulties)  is  gr^tly  dimi- 
nished, and  the  risk  of  fracture  of  gons,  or  of  their  serious  injury  from 
submission  to  excessive  strain,  is  ronsiderably  lessened.  The  explosive 
actioi!  of  gun(^>owder  may,  it  need  hardlv  be  observed,  be  easily  regu- 
lated by  the  introduction  of  moditications  in  the  proportions  oi  the 
cai  bun,  sulphur,  and  saltpetre  employed  in  its  manufacture,  and  in  the 
degree  of  intimacy  with  which  the  ingredients  are  mixed.  Both  of 
these  expe£ents  interfere,  iKiwever,  wiSi  the  extent  offeree  ultimately 
exerted  by  a  given  wdght  of  the  gunpowder ;  since,  In  either  case,  the 
chemical  action  between  the  ingredients  would  be  modified.  The 
rapidity  of  combustion  of  gunpowder  may,  however,  be  admirably 
regulated,  without  introducinn;  any  alteration  in  its  eomposition  or  in 
the  perfection  of  its  manufacture,  simply  by  increasing  or  diminishing 
the  size  of  the  particles  or  grains  constituting  a  charge  ;  and  also  by 
modifying  tlte  degree  of  compression  to  which  the  gunpowder  is 
solject  befeie,  or  at  the  time  of,  its  convenrion  into  grains  or  pellets. 

By  oombiDing  the  appIicatiaQ  of  uniferm  and  accurately  regulated 
pressure  with  modifications  in  the  composition  of  gunpowder,  and  by 
thoroughly  conlinuig  the  material  within  a  case  or  receptacle,  so  that, 
if  ifjuited.  it  can  only  bum  in  one  direction,  admirable  and  valnable 
arraiigements  (known  m  Fuzes  and  'lime-Fuzes)  ?ire  obtnined  for 
igniting  chanres  of  gunpowder  in  shells  at  any  period,  during  their 
tiight,  which  niuy  have  been  determined  upon  previous  to  the  loading 
of  the  gun.  By  simple  mechanical  arrangements,  regulating  the 
amount  of  the  compreised  gunpowder  which  shall  bum  before  the 
flame  reaches  the  charge  in  the  shell,  the  time  of  explosion  is  readily 
adjusted  with  the  greatest  nicety  (subject,  however,  to  variations 
depending  upon  the  degree  of  dsosi^  of  the  atmosphere,  as  recently 
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shown  by  Dr.  Frankland's  r^earches).  The  principle  of  regulated 
eooDpfeHiianf  and  of  oomboftioD  in  ooe  direetkNi,  ii  applied  to  &  pve- 
paraUon  of  rockets,  signals,  and  ntunerotts  pyroteohoie  anaoaeiDeBts^ 
other  explosive  nuxtores  being,  in  some  instances,  sufaetitatcd  for  the 
gunpowder. 

The  advantages  offered  bv  mnterialsi  of  a  much  more  powerftilly  or 
rapidly  explosive  character  than  gunpowder,  when  employ td  simply  as 
destructive  agents  (for  instance,  iti  many  classes  of  miniiif;:;  o[)prations), 
have  led  to  repeated  atteuipiii  at  the  appiicutiuu,  as  substitutes  for  gun- 
powder,  of  liighly  explosive  mixtures,  readily  obtainable  in  large 
quantities,  in  which  chlorate  of  potassa  is  employed,  in  the  place  of 
a  nitrate,  in  coijunetion  with  very  oiidissble  materials,  such  as  the 
sulphides  of  arsenic  and  antimony,  and  eompounds  containing  carbim 
and  hydrogen  (Callow's  mining  powder  and  wliite  or  German  gtm- 
powder  are  examples  of  such  compounds).  All  attempts  to  mnnti- 
facture  and  employ  such  mixtures  have,  however,  invariably  termiiKited 
in  more  or  less  disastrous  results,  in  consequence  of  the  comparatively 
low  temperature  at  which  chlorate  of  potassa  exerts  its  oxidizing  power. 
Very  slight  friction  or  percassion  suffices  to  inflame  many  of  these 
mixtures,  and  the  violence  of  tlieir  explosive  action  is,  in  many  in* 
stances,  as  diffieult  to  oontrol  as  that  of  explosive  chemical  compounds. 
Even  in  the  manufacture  and  employment  of  comparatively  so  safe  an 
agent  as  gtmpowder,  which  may  be  subjected,  without  ignition,  to 
tolerably  powerful  fricliuii  or  ])ereussion,  and  to  the  direct  application 
of  any  temperature  below  that  which  suffices  to  ignite  sulphur  (:ibout 
650^  Fah.),  tiie  tieglect  of  strict  precautions,  for  excluding  the  pos- 
sibility of  a  parti<&  of  the  powder  being  subjected  to  sudden  and 
jMiwerful  IHolion,  may,  and  frequently  does,  lead  to  acddental  explo- 
sions. The  occasional  accidents  In  gunpowder  manufactories  are 
generally  enveloped  in  mystm,  in  consequence  of  their  fearfully 
destructive  effects;  in  all  cases,  however,  where  it  has  been  possible  to 
trace  tiie  causes  of  such  explosions,  they  have  been  found  in  the  %?ilfal 
or  accidental  neglect  of  simple  precautionary  measures,  iudispeosable 
to  the  positive  safety  of  the  works  and  operators. 

The  more  highly  explosive  mixtures,  and  some  few  explosive 
compounds,  though  Inapplicable  as  snbstitotes  for  gunpowder,  on  ae- 
count  of  their  great  sensitlveneBS  to  the  eftets  of  heat,  have,  in  con- 
sequence of  this  very  quality,  received  important  applications  in 
numerous  ingenious  contrivances  for  effecting  the  ignition  of  gun* 
powder.  Well-known  instances  of  snch  applications  are : — The  em- 
ployment of  fulminate  of  mercury  in  percussion-caps  ;  of  a  mixture 
of  chlorate  of  potassa  and  sulphide  of  antimony,  in  arrangements  for 
firing  cannon  by  percubsiou  and  by  iVietion,  and  for  exploding  sheila 
by  peroossiaD  or  ooncnsslon ;  and  of  the  same  mixture,  exploded  at 
will,  by  bein^  brought  into  contact  with  a  drop  of  strong  sulphuric 
add,  for  the  ignition  of  submarine  mines  or  of  signals. 

Other  mixtures,  combining  a  high  degree  of  explosiveneis  with 
power  of  conducting  electricity,  Imve  been  sucoessfiilly.  applied  to 
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the  simaltaneuu^  ignition  of  namerous  charges  of  gunpowder  by 
electricity  of  high  iensioo :  by  means  of  one  of  them,  reoentW  dis- 
oovetedy  mftiiy  mines  may  be  niniiltaDeoiisly  diaeharged,  eveii  oy  the 
employmeDl  of  imall  magneto-eleetric  machines  ;  the  neeessity  for 
the  employment  of  voltaic  arrangemeots  in  mining  operatkoa  being 
thus  entirely  dispensed  with. 

One  of  the  most  highly  explosive  mixtures;  at  present  known, 
consisting-  of  chlorate  of  potassa  and  amorphous  piiosplioru8,  has  been 
moiit  ingeniously  applied  by  Sir  Wiiiiam  Armstrong  to  the  ignition  of 
his  time-fuzes,  and  to  the  production  of  concussion  and  percussion* 
faaes,  lemnilmble  for  the  graat  ease  with  which  they  are  exploded. 
The  above  mixture  may  be  ignited  by  the  applieation  of  a  gentle  heat, 
or  by  sobmiaslon  to  moderate  pressure ;  if  it  is  made  up  into  a  hard 
mass  by  mixture  with  a  little  shellac-varnish,  the  friction  resulting 
from  the  rapid  insertion  of  a  pin's  |><)int  into  the  material  suffices 
to  ignite  it,  even  when  it  is  well  covered  with  varnish.  Thus,  in 
Armstrong's  time-fuze,  which,  wlien  tixeti  in  its  place  in  the  h^d 
oi  the  shell,  cannot,  like  ordinary  fazes  employed  in  smooth-bore 
guns,  be  ignited  by  the  flame  of  the  exploding  charge  of  powder  (as 
the  dieU  aecufately  fits  the  bore  of  the  gun),  the  foae-oomposition  is 
inflamed,  immediately  upon  the  firing  of  tlie  gun,  in  the  following 
manner : — A  small  quantity  of  the  phosphorus-mixture  is  deposited  at 
tlie  bottom  of  a  cylindrical  cavity  in  the  centre  of  the  fuze,  and  over  it 
is  fixed  a  small  plup^  of  metal,  with  a  pin's  point  projecting  from  its 
lower  end.  This  pln;:^  is  held  in  its  place  by  a  pin  of  soft  metal,  vrhich 
by  reason  of  the  vis  tntrlicc  oi  the  plug,  is  broken  when  the  gun  is 
fired,  and  the  pin  then  instantly  pierces  the  pellet  of  detonating  mix- 
ture, whieh,  by  iu  i^ition,  sets  into  aetion  the  time-fiize.  Tm  dis- 
tance between  the  pm's  point  and  the  phosplioms»mixtare.  before  the 
explosion,  is  only  one-tenth  of  an  inch.  This  arrangement  exemplifies 
in  a  striking  manner  the  delicacy  of  action  which  may  be  obtained  by 
a  judicious  combination  of  simple  mechanical  arnuigemenU  and  highly 
explosive  materials. 

The  variety  of  work  accomplished  by  the  explosion  of  a  charge  of 
powder  in  au  Armstrong  gun  loaded  with  a  shell — no  less  than  five 
distinct  and  important  operations  being  thereby  effeeted  before  the 
dkell  leaves  the  gun — aflbrdsa  most  interesting  illustration  of  the  pro- 
gress made  in  the  application  of  explosivesi  and  of  the  comparatively 
great  control  which  may  be  exercised  over  the  operatioms  of  those 
destructive  agents* 

lh\  A.  A.] 
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WEEKLY  EVENING  MEETING, 
Friday,  Mareh  28,  1862. 
Jotn  Pbtbr  GAanoT,  Eaq.  F.B.S.  Yioe-President,  in  the  Chair. 

Rsai^AinnBAi.  Fm-BoT,  F.B.8. 

An  BsqpUmaiUM  of  the  Metmrological  TeUgraphyy  emd  iia  Badt^ 
now  undm-  trial  at  ike  Boardcf  Trade. 

The  telegrapliic  communication  of  mofforological  olinri^res  from  distant 
stations  to  a  cemral  position,  whrnc  e  occasional  warnings  ot'  impending' 
stonns  mij^lit  be  Ljiven,  \\  liich  lia.s  been  organized  and  tried  by  Govern- 
ment, liad  Its  origin  at  a  meeting  of  the  British  Association  in  1859,  at 
Aberdeen,  under  the  preddenqr  of  tfaat  deeply  lamented  Frinoe  wboee 
short  life  was  wholly  devoted  to  the  most  tisenil  objeeti.  It  was  then 
resolved  by  their  Couneil  that  application  should  be  made  to  Her 
Majesty's  Government  for  an  organization  and  trial  of  a  plan  by  which 
the  approach  of  storms  miq^ht  be  telegraphed  to  distant  locditie?.  At 
two  meetings  in  Buckin^liaiii  Palace,  early  the  following  year  (18(iO), 
minutes  were  authorized  on  this  .subject,  and  correspondence  ensued 
which  resulted  in  establishing  a  telegraphic  conununication  of  meteoro- 
logical &cts  between  twenty  home  Btatioos,  besides  foreign  ones — and 
daily  iHth  Plsris. 

The  Aberdeen  meeting  had  only  just  terminated,  when  public 
attention  was  startled  by  the  lo«  of  the  '  Royal  Charter.'  It  so 
happened  that  the  storm  which  caused  the  destruction  of  that  iron  ship 
(notwithstanriint^  power  of  steam  additional  to  that  of  sail? — and  while 
a  sailing  ship,  managed  ditierently,  was  bearing  its  brunt  uninjured 
within  a  few  miles  distant  *) — ^that  storm,  completely  cyclonic,  pas5»ed 
over  the  middle  of  England,  and  could  be  more  fully  inv^tigated  than 
any  storm  hitherto,  becanse  in  every  direction  ohserrers  heppcned  to 
be  ready,  who  recorded  ample  statical  Acts,  and  many  valuable 
dynamical  results. 

Advancing  gradually,  the  first  cautionary  or  storm-warning  signals 
were  made  early  in  1861,  h\\t  on  that  occasion  were  unhappily  dis- 
regarded in  the  Tyne,  and  on  the  following  days  awful  losses  of  life 
were  witnesised  on  the  north-ea^nL  coa.^ts.  From  that  time  to  the  present 
similar  warnings  have  been  given  there  and  elsewhere, — with  iucrea^ 
ingly  advantageous  effects,  it  appeats— if  one  may  judge,  in  the  first 

*  '  The  Cnnmdng.' 
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instance,  by  applications  since  sent  o^ciai ly  from  all  the  principal 
port*,  and  fnm  the  ebief  aaeoeiatioiw  af  I7iiderwiiteni»  in  additioik  to 
Admimlty  approval,  and  the  oo-opeiation  of  the  Coast-gaaid. 

In  August,  1861,  the  first  published  "forecasts"  of  weather  rare 
tried ;  and  after  anUker  hal^year  had  elapsed  fm  gainiiig  eiperieiice 

by  varied  tentative  arrangements,  tlie  presertl  system  wa**  e*;tabli.'-iu'(i. 
Twenty  report?  are  now  rcet'ived  each  morning-  (except  SuiicLiys),  and 
ten  each  afh  rnooM,  besjidt  s  five  from  tlie  Continent.  Double  forecasts 
{two  (Jayb  in  advance)  arc  published,  with  the  full  tables  (on  which  they 
chiefly  depend),  and  are  sent  to  six  daHy  papers,  to  one  weekly,^to 
Lloyds'— to  the  Admifalty,— and  to  the  Hoise  Guards^  besides  the 
Board  of  Trade. 

These  forecasts  add  almost  nothing  to  the  pecuniar}^  expense  of  the 
system, — while  their  usefulness,  practically,  is  said  to  be  more  and 
nK>re  recognized.*  Warnings  of  storms  arise  out  of  them  ;  and  (scarcely 
cnou<^h  considered)  the  satisfaction  of  knowing  that  no  very  bad 
weather  is  imminent,  may  be  very  great  to  a  person  about  to  cross 
the  sea.  Tims  ilieir  negative  evidence  may  be  actually  little  less 
valoable  than  the  positiTe. 

Piropheeies  or  predietions  they  aie  not: — ^the  term  Ibveeast  is 
strictly  applicable  to  such  an  opinion  as  is  the  result  of  a  scientific  com- 
bination and  calculation,  liable  to  be  occasionally,  though  rarely,  mar- 
red by  an  unexpected  downrnsh,"  t  of  southerly  wind,  or  by  a  rapid 
electrical  action  not  yet  sutiicienlly  indicated  to  our  extremely  limited 
sight  and  feeling.  We  shall  know  more  and  more  by  degree  s.  At 
preseut  it  is  satisfactory  to  know  that  the  mmiiures  pmclii>eii  dully  in 
these  proceedings  do  not  depend  solely  on  one  imikridmil.  They  are 
the  results  of  mots  exactly  recorded) — and  deductlais  fiom  their  con- 
sideration, for  which  rules  have  been  given.  An  assistant  has  been 
practised  and  is  able  to  share  their  responsibility.  Others  are  also 
advanrinir  in  the  subject  of  dynamical  meteorology. 

Air  currents  sometimes  flow  side  by  side,  though  in  opposite  direc- 
tions, as  parallel  streams,"  for  Imndreds  or  even  thousands  of  miles. 
Sometimes  they  are  more  or  iesa  superposed — occasionally,  indeed 
frequetUly^  crossing  at  various  angles ;  sometimes  combining,  and  by 
the  eoN^postlMfi  of  their  forces  and  qmUikB  camiag  those  varieties  of 
weather  that  are  experienced  as  the  wind  veers  more  toward  or  from 
the  equator  or  the  nearest  pole  $  and  sometimes  so  antagonistic  in  their 
angular  collision  as  to  cause  those  large  circling  eddies  or  rotatory 
storms  called  cyclones  (in  modern  parlance),  wlvich  are  really  like  the 
greater  storms  in  all  parts  of  the  world,  although  thty  do  nol  quite 
assimilate  to  those  local  whirlwinds,  dust-storms,  and  other  conunotions 

*  At  a  reesnt  meeting  of  tiie  shareholders  of  the  Great  Western  Dodks,  St 

Stonehousc,  Plymouth,  It  was  stated  officially  that  "thp  tl<  ficiency  in  revenue) 
is  to  t>e  attributed  chiefly  to  the  absence  of  vessels  requinoe  the  use  of  the  graviitt 
docks  fbr  the  purpon  ox  rqieiring  the  damages  ooesdoBM  by  stoniis  sad  ossosf 
ties  at  sca."-(  Pek  S4,  im.) 
t  Uersehel. 
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of  atmosphere  which  seem  to  be  more  electrical  in  their  characterbtics. 
If  not  in  their  origin. 

Whenever  n  polar  current  prefiOs  at  any  plaoe^  or  is  mfnaehmg, 
tlie  air  beoomes  heavy,  and  the  baiometer  is  high  or  rise^   when  the 

opposite  (equatorial  or  tropical)  prevails  or  approaches,  the  mercury  is 
low  or  fall^,  because  the  air  is,  or  Is  becommff^  specifically  lighter,  and 
these  changes  take  place  slowly. 

Whenever,  from  any  causes — electrical,  chemical,  or  simply 
mechanical — either  current,  or  any  coiiibiuatiou  of  currents,  ceases  to 
press  onward  without  being  oppoted,  a  gradual  lightening  of  the  atmo- 
apbere^  through  n  greater  or  less  aiea  of  hundred^  or  perhaps  thoosanda 
of  miles  occurs,  not  suddenly,  Init  rery  gradually,  and  the  barometer 
fiUls.   There  Is  less  tension. 

To  restore  equilibrium,  the  nearest  disposable  body  of  air  (so  to 
speak)  or  most  moveable,  advances  first ;  but  an  impulse,  at  the  same 
time,  may  be  giveu  to  other  and  greater  masses  that— though  later  in 
arriving — may  be  stronger — last  longer,  and  cause  greater  prfei»ure 
mechanically  as  well  a^  by  combination*  Air,  like  water,  mingles 
very  slowly,  either  from  above  or  laterally. 

Taking,  with  Dov^,  north-cast  and  sooth*west  {true)  as  the  "  wind- 
poles,"  all  intermediate  directions  are  finind  to  be  more  or  less  assunl* 
lated  to  the  cbaracterislics  of  those  extremes ;  while  all  the  variations 
of  pressure,  or  tension^  many  of  those  caused  by  temperature,  and  all 
varieties  of  winds,  may  be  ckarly  and  directly  traced  to  the  operations 
of  two  constant  princif>al  currents — equatorial  or  tropical,  and  pohir-— 
our  north-east  and  sou ili- west. 

Great  distinction  should  be  marked  betweeu  those  ever  alternate 
and  often  conflicting  main  currents — tropical  and  polar,  and  tfie  heal 
^ecU  of  their  union,  or  aniiffonmn,  namely  mixed  winds— whether 
westerly  or  easterly,  with  oecasionai  cyclones  or  circulating  oddisa,  on 
a  large  or  small  scale. 

Con^iidering  that  the  lower  current  does  not  ordinarily  extend  far  op- 
wanl  (  only  a  few  thousand  yards,  or  even  feet),  and  that  high  land,  moun- 
tain?. esj)ecially  rafif/es  of  mountains,  jilter  and  impetie  its  progress,  a 
variety  oi  edtly  wiuds,  or  as  it  were  streauis  of  wind,  with  local  and 
apparently  anomalous  effects,  must  be  frequently  caused. 

£leetrical  action,  condensation  of  vapour  into  hail,  snow,  rain,  or 
ftg,  causing  ksatf  or  its  other  changes,  namely,  evaporation,  rar^ho* 
tioo,  and  expansion — absorbing  heat,  and  therefore  causing  cM — 
immediately  affect  currents  of  air  in  a  degree  proportional  to  such 
Influence ;  inducing  horizontal  motion 

The  polar  current  always  advances  from  the  |>olar  quarter,  while 
laterally  moviii<^  ea-stward  (like  a  ship  mnkiitj:  lee-way),  being  pre^-ed 
towards  the  east  by  the  tropical  tiuw  which  advances  from  the  south' 
westward^  usually  above  and  at  an  angle  with  the  polar  stream  or 
cunent  of  air,  often  mixing  with  it,  but  at  times  separately  penetrating 
downward,  then  sweeping  and  warming  the  earth's  soi&ee,  uncom- 
bined  with  the  polar  current,  even  while  feeling  its  appraacliing 
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influence:  r^nd  thus,  as  it  were,  forcing  pas^ag-es  between  ctreams  of 
chilli iil;:  polar  air  that  at  the  same  time  are  moviag  iu  opposite  and 
nearly  pjirallel  directions. 

Sometimeb  their  opposition  is  so  equal,  and  equilibrium  is  so  com- 
plete, thai  a  calm  is  the  result,  no  sennble  moTement  horizimiaUy 
along  the  esrth's  snvfiice  being  perceptible. 

Self-registering  barometers  show  the  altetationH  in  tension,  or,  so  to 
speak,  the  pfihaHans^  on  a  large  scale,  of  atmosphere,  by  hourly  marks; 
and  the  diagram  expre««e'?  to  a  practised  observer  what  the  "  indicator 
card  "  of  a  steam  oylioder  shows  to  a  skilful  engineer,  or  a  stethoscope 
to  a  physician. 

Our  own  Islands  have  very  peculiar  facilities  for  meteorological 
communication  by  telegraph,  between  outlying  stations  on  the  sea  coast 
and  a  central  place — all  being  at  nearly  the  same  level,  and  nearly  all 

comparatively  -uninfluenced  by  mountun  ranges. 

And  now,  the  results  are,  that,  having  daily  knowledge  of  weather 

(including  oniinary  facts  of  a  meteorological  nature),  at  the  extreme 
limit5  and  centre  of  our  British  Islands,  we  are  warned  of  any  great 
change  taking  place  ;  the  greater  atraospherical  chang^es  l>eing  measured 
by  days — rather  than  by  liours.  Only  local  change;*,  however  violent 
they  may  be  occasionally  (and  daiigerous  in  proportion  to  their 
suddenness  and  violenci), — only  such  changes  are  unrelt  at  a  dbtanooi 
and  do  not  influence  great  breadths, — say,  hundreds  of  miles  in  area, — 
of  atmosphere. 

Extensive  changes,  showing  diflferences  of  pressure,  above  or  below 
tiie  normal  or  mean  level,  amounting  to  an  inch  or  therealxiuL",  are 
certain  to  be  followed  by  a  marked  commotion  of  the  elements  in  the 
course  of  a  few  days.  If  the  fall  has  been  sudden,  or  the  rise  very 
rapid, — swifl,  but  brief,  will  be  the  resulting  elementary  movement ; 
if  sloWy  or  gradual, — time  will  elapse  before  the  change  and  the 
altered  state  of  weather  will  take  phoe  more  gradually,  but  last 
longer. 

Notice  may  thus  be  obtained,  and  given,  a  few  hours,  or  a  day, 
or  even  some  days,  before  any  important  change  in  the  weather  actually 

occurs. 

Having  such  kiiowledcre,  it  obviously  follows  that  telegraj*hit* 
warning  may  be  sent  in  any  direction  reached  by  the  wireH,  and  that 
ocessioDftlly,  on  the  occofrenee  of  very  ominous  signs,  baiometiio  and 
other— Including  always  those  of  the  heavens — such  cautions  may  be 
given  beibre  storms  as  will  tend  to  diminish  the  rislcs  and  loss  of  life 
so  frequent  on  our  exposed  and  tempestuous  shores. 

Tt  has  been  proved  a]?o,  lately,  that  storms,  indeed  aT!  the  greater 
circulations  of  atmosphere  between  the  tropics  and  polar  regions,  have 
an  eastward  motion,  bodily,  while  circuiatinL;  around  a  centrical  area. 
Within  the  tropics  it  is  otherwise,  or  westwani,  till  they  recurve. 

In  answer  to  a  question  from  the  Boyal  Comnussioners  on  Lights, 
Buoys,  and  Beacons,  Sir  John  Hemchel  stated  that — the  most  im- 
portant meteorological  oommonlcatioii  which  oould  be  telegraphed, 
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wouki  be  information  just  fresh  received  by  telegraphy  of  a  cyclone 
actually  in  progress  at  a  great  distaoce,  aiid  working  itj»  way  towards 
the  locality.  There  is  no  doubt  that  the  progrets  ^  a  cyclone  may 
be  telegraphed,  and  might  secara  many  a  ship  from  danger  by  fore- 
warolng." 

Successive,  ist  rather,  consecutive  gyntiooe,  circuits,  or  cyclones 

often  affect  ono  another,  acting  n??  temporal^-  nmttml  rJiecks,  until  a 
combination  and  joint  action  ocrurs  ;  tlu  ir  uuioii  cansiuLr  even  greater 
effects  :  as  may  be  seen  even  in  water  currents, — a&  well  as  in  the 
atniuspliere. 

Between  the  tropics  and  the  polar  regions,  or  In  temperate  zones, 
the  main  eurrenta  are  Incenantly  active,  while  more  or  lees  antagonistic, 
from  the  causes  above  mentioned :  besides  which,  wherever  eonsiderable 
changes  of  temperature,  development  of  electricity,  heavy  rain,  or 

these  in  combination,  cause  temporary  disturbance  of  atmojiplieric 
equilibrium  (or  a  mnch  altered!  tension  of  air)  these  grand  agents  of 
nature,  the  two  frreat  currents,  speedily  ^l(>^  c  by  the  Imst  resisting  lines^ 
to  restore  equilibrium,  or  fill  the  couiparative  void.  One  current 
arrives,  probably,  or  acts  sooner  than  the  other, — but  invariably 
cdlisioii  occurs,  of  some  kind  or  degree,  usually  occasioning  a 
eifcait,  a  cyclonic  or  ellipsonic  gyration ;  how<^ver  little  nsltosrf  v^n 
gentle,  or  moderate  in  foree. 

As  there  must  be  resistance  to  moving  air  (or  conflicting  currents), 
to  cause  gyration,  and  as  there  are  no  such  causes,  on  a  large  scale, 
near  the  equator,  there  are  no  storms  (except  local  squalls)  in  very 
low  latitudes. 

It  is  at  some  distance,  from  about  five  to  twenty  degrees,  from  the 
equator  that  hurricanes  are  occasionally  felt  In  their  violence. 

They  originate  in  or  near  those  hot  and  densely-clouded  spaces, 
sometimes  spolcen  of  as  the  clowMng**  where  aggregated  aqueous 
vapour  is  at  times  condemed  into  heavy  rain  (partly  with  vivid  electrical 
action)  and  a  comparative  vacuum  is  suddenly  caused,  towart^s  which 
air  rushes  from  all  sides.  That  which  an'ives  from  a  higher  latitude 
has  a  wesiwartlly,  tliat  from  a  lower  an  eastwardly  tendency,  due  to  the 
earth's  rotation,  and  to  the  ctiange  of  latitude,  whence  a  chief  cause  of 
the  cyclone's  invariable  rotation  in  one  direction,  as  above  explained. 

The  hurricane  or  cyclone  is  impelled  to  the  wut^  In  h»  latitudes, 
because  the  tendency  of  boik  currents  there  is  to  the  westward,  along 
the  surfitce  :  although  one,  the  tropical,  is  much  less  so^  and  becotnes 
actually  easterly  7iear  the  tropic,  after  which  its  equatorial  centrifugal 
force  is  more  and  more  evident,  while  the  westwardly  tendency  of  the 
polar  current  diminislK-  •  and  therefore,  at  that  latitude,  hurricane 
cyclones  cea^  to  move  westward  (re-curve),  go  then  eastwaidly,  and 
toward  the  polar  quarter. 

Great  and  Important  changes  of  weather  and  wind  m  f>reeeded,  as 
well  as  accompanied,  by  notable  alterations  in  the  state  of  the  atmo- 
sphere. Such  changes,  being  indicated  at  some  places  sooner  than  at 
others  around  the  British  Islands,  give  frequent  premonitions ;  and 
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flieretore,  great  differenres  of  prex>nre  (or  tension)  t^liown  l)y  barometer 
of  temperature,  of  dryness,  or  moisture,  aud  direction  of  ind,  should 
be  eonaidered  as  signs  of  changes,  likely  to  occur  soon. 

It  will  be  observed,  on  any  continued  oomparifloo  of  weather 
reports,  that  during  the  stronger  winds  a  far  greater  degree  of 
uniformity  and  reguiaritj  is  shown  than  during  the  prevalence  of 
moderate  or  \hiht  breezes :  and  this  should  be  remembercKl. 

When  neitlit  r  of  the  sj^reater  and  more  extensive  atmospheric 
currents  is  sweep! u {4  across  the  liritish  Islamic, — ^currents  of  which  the 
cau&es  are  remote,  and  on  a  large  Hcale, — the  nature  or  churacter  of 
our  winds  approaches,  and  is  rather  like  that  of  land  and  sea  breezes 
in  low  latitudes  s  especially  in  summer. 

Either  the  cooler  sea  wind  is  drawn  in,  over  land  heated  by  the 
summer  sun  ;  or  cold  air  from  frosty  heights,  snow-covered  lands,  or 
chilly  valleys,  moves  towards  the  sea,  which  is  so  uniform  in  tempera- 
ture for  many  weeks  tojjether,  changing  sn  sfowly,  and  but  little,  in 
comparison  with  land,  during  the  year.  Tliese  light  vartahfes  may  at 
such  times  be  numerous,  simultaneously,  around  the  compaas,  on  the 
various  coasts  of  the  British  Islands. 

Frequendr  it  has  been  asked,  ^  In  this  country,  how  much  rise  or 
fidl  of  the  glasses  may  foietell  remarkable  ehai^  or  a  dangerous 
storm?" 

To  which  can  now  be  replied, — great  change  or  storms  are  usually 
shown  by  fQ,}h  of  barometer  exceedin!^  an  inch  ;  and  by  differences  of 
temperature  exceeciing  about  hfteen  degrees,  A  tenth  of  an  inch  an 
hour  is  a  fall  indicating  a  stonn  or  very  heavy  rain.  Tlie  more 
rapidly  such  clianges  occur,  the  more  risk  there  i&  of  dangerous  atmo- 
spheric commotion* 

As  all  barometric  instruments  often,  if  not  usually,  show  what  may 
be  expected  a  day  or  even  days  io  advance,  rather  than  the  weather  of 
the  present  or  next  few  hours,  and  as  wind,  or  its  direction,  affects 
them  much  more  than  rain  or  snow,  due  allowance  should  always  be 
made  for  days  as  well  as  for  hours  to  come. 

The  general  effect  of  storms  is  felt  unequally  in  our  islands,  and  less 
inUmd  than  on  the  coasts.  Lord  Wrott^ley  lias  shown,  by  the  ane- 
mometer at  his  observatoiy  in  Staffordshire,  that  wind  is  dimiaished  or 
checked  by  its  passage  over  land.  The  mountain  ranges  of  Wales  and 
Sootlaiid,  rising  two  to  four  thou^nd  feet  above  the  ocean  level,  must 
have  great  power  to  alter  the  direction,  and  probably  the  veiocify  of 
wind,  independently  of  alterations  caused  by  changes  of  temperature. 

"  It  not  unfr«iuently  happens?  that  a  series  of  cyclones  follow  closely 
upon  each  other  for  several  weeks,  the  preceding  members  of  the 
series  being  often  overtaken  and  interfered  with  by  those  succeeding. 
It  is,  however,  important  to  remark,  that  amidst  all  the  complexity 
noeossarily  occasioned  hj  such  combinatioos^the  greater  and  more 
violent  storms,  and  particularly  that  portion  of  them  which  is  most 
dangerous  and  destructive,  exhibit  almost  invariably  the  simple  cyclonic 
character.  It  is  thus  with  the  *  Law  of  Storms '  as  with  the  *  Law  of 
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Gravitation;*  the  grand  results  of  both  are  exceedingly  simple,  but 
the  minor  details  become  more  aud  more  complicated  ia  proportion  to 
their  iiiiiiutenci>s."  * 

Consecutive  storms,  at  the  meetings  of  m<iii  cunents^  in  zones  of 
latitude,  at  certain  periods,  have  had  appeoiances  of  cootinuity.  The 
fiiiniliar  instance  of  the  '  Charles  Heddle '  has  so  often  been  Bddiio«>d  as 
proof  of  continuing  circuitous  action,  or  gyration,  that  it  may  seem 
injudicious  to  doubt  the  eridertre ;  but  knowing  how  frequently 
circuits,  or  cyclones,  succeed  each  other  rapidly ;  and  how  unreliable 
are  some  of  the  earlier  loij;^  of  events  in  a  storm,  written  after  its  ces- 
sation, especially  respecting  directions  of  wind  and  coui^'s  steered, 
when  waves  and  storm  blasts  were  the  guides,  not  the  oscillating 
compass  (if  indeed  that  bad  not  been  wash^  away,  as  in  the  *  Charl^ 
Heddle's  case);  It  does  not  appear  accordant  to  experience,  and 
enlarged  acquaintance  with  the  subject,  .to  imagine  that  such  atmo« 
spheric  eddies  are,  smgenem^  erratic,  and  so  conadcfably  independeot» 
as  to  cross  a  wide  ocean. 

When  opposing-  enrrents  meet,  their  masses  must  covfinrtc  in 
motion  a  certain  time,  either  rotating,  or  ascending,  or  going  onward 
horizontally  in  comhination. 

Masses  of  air,  either  of  polar  or  tropical  origin,  so  to  speak,  return^ 
infff  when  driven  back  by  stronger  opposition, — at  fiist,  and  for  « 
certain  time,  retain  the  characteristics  of  their  peculiar  and  very 
dtflbrent  natures. 

In  our  latitudes  there  is  a  continuous  alternation  of  air  currents^ 
each  specifically  different,  and  denoting'  approach  by  marked  charac- 
teristics: and  we  have  proved  by  successive  series  of  simultaneous 
statical  observation'!,  over  a  wide  range, — embracing  Scotland,  Ireland, 
all  England,  and  adjacent  islands, — that  while  these  alternating  or  cir- 
cuitous} y  moving  currents  are  thus  incessantly  passing — the  whole  body 
of  atmosphere  filling  our  temperate  aone  is  moving  gradually  towanfa 
the  east— «t  an  average  rate  of  about  five  geographi(»il  sules  an  hour. 

During  strong  westerly  winds  this  eastward  motion  is  greatly 
increased ;  and  in  easterly .  gales  it  is  proportionally  diminished,  as 
measured  by  its  passatre  nlonir  a  horizontal  snrfice  of  earth  or  ocean. 
Knowing  these  circnmstances,  and  liaving  accurate  statical  observations 
of  these  various  currents,  at  selected  outlying  stations, — showing 
pressure  (or  tension),  temperature,  aud  relative  dryness,  with  the 
diiecHon  and  estimated  horizontal  force  of  wind  at  each  place  simul- 
taneously^ the  dynamical  consequenoes  are  already  measurable  appnnd* 
inately,  on  geometrical  principles;  and,  judging  by  the  past,  there 
appears  to  be  reasonable  ground  for  expectation  that,  soon,  metoorolo- 
gical  dynamie^s  will  be  subjected  to  mathematical  analysis  and  accurate 
formulas.  The  facts  now  weighed  and  measured  mentally — in  what 
may  be  correctly  called  ''forecasting"  weathor — are— the  divert  ion 
and  force  of  each  air  current,  or  wind — reported  telegraphically  to  the 
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central  ttatioo  In  London,  from  many  clistant  etations ;  their  xespective 
tenaioD  and  tempeiature,  mobtuie  or  dryness,  and  thdr  ohanges  [since 
Ibriner  recent  observations. 

These  show  whether  any  or  either  movement  or  change  is  on  the 

increase,  or  decrease — whether  a  polar  current  moving  latemlbj  off 
— passing  from  our  stations  towards  Europe — or  a])[)roar[iir)g  us  from 
the  Atlantic — vvlnUlier  moving  r/fV^rY  towards  tin'  >(»utii-\v(  st\^  ard  with 
great  velocity,  or  wiLii  slow  progress.  If  moving  Ju^ty  lu  tlie  dirccLiou 
of  its  length,  it  will  approach  England  more  from  the  east — its  speed 
direet  being  twenty  to  fifty  or  eighty  miles  an  hour — while  its  eoMiaM 
lateral  or  easterly  teodency  (like  a  ship's  leeway,  in  a  current)  being 
only  five  miles  an  hour  is  then  inMcnsible  to  us— (though  clearly 
deducible  from  other  facts  ascertained),  and  is  that  much  in  alteration 
of  actual  direction^  as  well  as  of  what  would  otherwise  be  the  velocity 
of  the  polar  current. 

With  the  opposite  principal  current— the  equatorial  or  boutli- 
we«iterly,  more  brietiy  and  correctly  tropical — similar  but  oppOisite 
Tcsults  occur — the  ^rect  motion  from  a  south-wafler/^  quarter  is 
aeederated — sensibly  to  our  perception — ^by  part  of  the  easivsard 
constant  (about  five  miles  hourly)— and  therefore  a  body  of  atr 
approaches  us  sooner  (other  things  being  equal)  from  the  westward, 
than  it  does  from  the  eastward. 

To  seamen  accustomed  to  navip^te  in  ships  making  leeway, 
while  in  currents  selling  variously  <»\t  r  rhe  ground,  such  movements, 
complicated  as  they  may  appear,  aie  iauuiiur.  Aiiotlier  important 
considerdlion  is  the  disposal  or  progress  of  bodies  of  air  united,  or 
mixed,  or  coutiguous  to  each  other,  after  their  meeting — either  directly 
opposed  or  at  an  angle— on  the  earth's  (or  ocean's)  surfiu^e.  They  do 
not  vanish : — ^They  cannot  go  directly  upwards^against  gravitation;— 
Westward  they  cannot  generally  go  when  there  is  collision  or  meeting, 
lx»c:iuse  tlie  momentum,  elasticity,  afid  extent  of  the  trnpiral  "anti- 
trade"* usually  overpowers  any  direct  puhn  current,  or  rises  over  it, 
and  more  or  less  ati'ects  the  >\il)<trdinale  below,  by  the  friction  of  its 
eastward  pressure.  Downward  tiiere  is  no  exit — eastwardly  (towards 
the  east)  the  accumulating  air  must  go — and  this  tendency  continued 
causes  the  i/arieties  of  wind  from  the  westward-^beiog  more  or  less 
mixed—more  or  less  purely  polar  or  tropical  as  either  one  prevails  to 
combination. 

After  a  body  of  air  has  passed,  and  gone  to  some  distance  south- 
ward or  northward,  it  may  be  stoj)ped  by  an  advancing  and  more 
powerful  mass  of  atmosphere  which  is  moving  in  a  direetiofi  contrary 
to,  or  diagonally  acio.<-»  its  line  of  force.  If  their  appulse  be  gradual 
and  gentle,  only  a  check  occurs — and  the  weaker  body  is  ptislied  back 
until  its  special  qualities,  respecting  temperature  and  moisture,  are  so 
masked  by  those  of  its  opponent  as  to  be  almost  obliterated.  But,  if 
these  currents  meet  with  energy — at  very  different  teropeiatnres  and 
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tenaion,  rapifl  obangeB  ue  noticed  as  the  wind  duftt— «nd  eineoiUiiis 
eddies,  storms,  or  cyclones  occur. 

Otherwise when  their  meeting  is,  as  first  mentioned,  grarlffnl— 
there  is  the  return  of  a  portion  of  either  current  (which  previously 
prevailed)  either  direct  or  deflected — deflected  even  through  more  tiian 
one  quadrant  of  a  circle — by  its  advancing  opponent — and  retaining 
for  some  considerable  time  its  own  previous  cfauBCteristics. 

Thue  we  have,  for  short  times,  eold  dry  Winds  ftom  the  south^weet^ 
instead  of  the  usual  warm  and  moist  ones ; — or  winds  of  this  latter  kind 
fiom  the  north,  instead  of  cold  ones.  The  circuitous  tendency  of  air 
in  motion — and  the  numerous  impediments  to  its  horizontal  progr^, 
such  as  land,  ranges  of  mountains,  hills,  or  even  cHffs — induce  mnny  a 
deviation  from  normal  directions,  extremely  puzzling  to  the  stuilt  hl  of 
thin  subject  j  but  so  retentive  is  air  of  its  tension  and  temperature,  for 
a  time,  that,  like  currents  in  the  ocean,  each  may  be  traced  by  its 
chaiacteristics  aa  long  as  within  our  Island  web  of  statrans.  When  the 
polar  current  la  driven  back  by  a  tropical  advancing  from  a  eontherly 
direction  gradoally — their  action  united  becomes  south-easterly  (from 
the  south*eastward),  and  as  the  one  or  other  prevails^  the  wind  blows 
more  from  one  side  of  cast  or  from  the  other. 

So  retentive  of  tempemture  are  ui  (.aiac  currents,  tliat  when  II. M.S. 
'Nile*  was  goin^  tVom  Halifax  to  I?(  rnuida,  in  May,  1861,  Admiral 
Milne  found  the  temperulure  70  uL  the  bow, — while  only  4U  at  the 
Stem,  as  he  entered  the  Gulf  Stream. 

Time  is  required  to  produce  motion  in  the  ai^'hori^ontB^y — time 
is  indispensable  for  its  gmdml  cessation  firom  movement.  SiaHeai 
efets  are  noticed,  at  observatories — or  by  careful  observers  anywhere 
—■hours,  or  days,  before  dynamical  consequences  occur. 

Th(!  preneJit  daily  forecasts,  or  ])n"7uonitioii'<  of  weather,  arc  drawn 
up  on  the  following  arrangement.    IJistricts  are  thus  assumed  ; — 

1.  North  Britain  (including  from  the  Moray  Firth  to  the  middle 

of  Northiniibcrlaiul)  alon<r  the  coast, 

2.  Ireland — generally — around  the  coasts. 

3.  Central  (Wales  to  the  Sohvay)  coast-wise. 

4.  East  Coast  (from  ^sorthumberland  to  the  Tiiaiues). 

^.  South  England  (from  the  Thames  round  to  Wales)  by  the 
coast 

As  our  space  is  very  limited,  and  as  sovie  words  are  used  in  different 
semes  by  different  persons,  extreme  care  is  taiven  in  selecting  those 
for  such  brief,  general,  and  yet  sufficiently  definUe  sentences,  as  will 
suit  the  purpose. 

Such  words  as  are  on  published  scales  of  force,  or  nature  of  wind 
and  weather,  are  generaify  understood,  and  therefore  used  in  preference 

to  others. 

In  saying,  on  any  day,  what  the  probable  character  of  tlie  weather 
will  be  to-morrow,  or  the  day  after,  at  the  foot  of  a  table  showing  its 
observed  naiure  tiiat  veiy  morning, — a  limited  degree  of  information 
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10  ofibied,  for  about  two  dayi  ia  advaoce,  which  Is  at  &r  as  may  be 
jet  trusted  generally,  on  an  average,  tbongli  at  times  a  longer  pre- 
monitioo  mighi  be  given,  witb  aaincient  accuracy  to  be  of  occoMimal 
use. 

Minute,  or  special  details,  such  as  showers  at  particular  places,  or 
merely  local  s(|ualb,  are  avoided ;  but  the  general  ur  average  charac- 
teristics, those  expected  to  be  principally  prevalent  (with  but  few 
excepUoos)  tbe  iMlowiag  day,  and  the  next  after  it,  inelodioff  the 
nights — not  those  of  the  weadier  actually  /nwMKf — are  eautumuy  ex- 
pressed, after  careftil  eonnderation. 

It  may  now  be  seen,  after  many  months*  trial,  whether  tolerably 
correct  forecasts  of  onlinary  wrathf t  can  be  formed  here  sooner  tliai! 
at  distant,  isolated  places,  where  ttie  pul>li^hed  general  l\eports  arrive 
a  day  or  two  later ;  and  whether  they  are  practically  useiul  as  con- 
clusions available  fur  the  public. 

Ordinaiy  Tariatiooa  of  cUmdmea^  or  clear  aky,  or  lain,  of  a  hctUy 
or  only  temporary  eluuracter,  are  not  noticed  ntuaUy. 

A  broad  gtmtrtU  average^  or  prevalence,  is  kept  in  view,  referring 
to  a  day,  or  more,  in  advance,  and  to  a  dUtrietf  lather  than  only  to 
one  time  or  place  ;  should  be  ^merobered. 

The  Lrrtat  practical  difficulty  U  in  separating  the  i  Mcct,  on  tlie 
mind,  ot  present  states  of  air,  wtatber,  and  clouds,  from  :ib>tracl  con- 
siderations of  what  may  be  expected  uu  liie  morrow,  or  next  tuiiowing 
day* 

When  in  dtmbi^  distmstinff  the  indieatlona,  or  inferences  firom 
them  (duly  considered  on  purely  scientific  principles,  and  cheeked  by 
experience),  the  words    Uncertamf*  or    Daubt/iU^**  nmy  be  used, 

without  hesitation. 

As  incteoroloi^icui  instruments  usually  foretell  imjiortant  chang:^ 
by  at  leaiit  a  day,  or  much  longer,  we  hfive  to  consider  what  wind  and 
weather  may  be  expected  from  the  morning  ul^rvatious,  compared 
with  those  of  the  days  immediately  previous,  as  indicative  of  the 
morrow's  weather,  and  of  the  day  aiwr,  at  each  place — to  take  an 
average  of  those  expeeiationSf  for  each  district,  coUectiViely,  mgroupi  g 
and  then  to  estimate  dynamical  effects. 

Outline  maps,  with  movable  windniarkers,  and  cyclone  glasses  or 
horns,  are  useful  in  forecasting  weather  :  and  full  considemtinn  should 
be  given  to  tbe  probable  position,  direction,  extent,  and  degrree  of 
progress  of  that  centrical  area,  or  node,  round  which  tiie  principal 
curreiils  usually  circulate,  or  turn,  as  they  meet  and  alter,  combine 
with,  or  succeed  one  another. 

Here  dynamical  considerations,  with  comprehenrive  comparisons  ef 
statical  ftcts,  are  most  important;  and  to  treat  them  even  approxi- 
mately well,  with  such  qnidL  deqiatch  as  is  requisite,  demands  aptitude 
and  experience. 

Those  who  are  most  concerned  about  approaching  changes,  who 
are  going"  to  sea,  or  on  ii  juiniiey,  or  a  mere  excursion;  tho^e  who 
have  gardening,  agricultural,  or  other  out-duur  purauiL^  in  view — may 


Digitized  by  Coogle 


m  454 


Admiral  i'ilZ'iioy 


[March  28, 


often  derive  useful  eauHBmary  notioes  fiom  these  publithed  expeda* 
turns  of  weftther— although  (from  the  nature  of  such  sulijects)  they 
can  be  but  Mcanty,  and  imperftct,  under  present  cireunislanoei. 

Objection  has  been  taken  to  such  forecasti,  because  they  cannot  be 
always  exnrtly  correct, — for  all  plancn  in  one  district.  It  is.  however, 
eonsidered  liy  most  p<;rsons  that  general,  comprehensive  exjjn  ^mhjis,  ia 
aid  of  local  observers,  who  can  form  independent  judgnieuLs  innn  the 
tables  and  their  ottm  instrummts,  respecting  their  immediate  vicinity, 
though  not  so  well  for  ditt€mt  places,  may  be  very  useful,  aa  welt  aa* 
interestinff :  while  to  an  unprovided  or  otherwise  uninfotmed  person, 
an  idea  of  the  kind  of  weather  thought /nv^oMe  cannot  be  otherwise 
than  acceptable,  provided  that  he  is  in  no  way  hound  to  act  in  aooofd- 
aoce  with  any  such  views,  against  his  own  judgment. 

Like  the  storm  signals,  such  notices  should  be  merely  cauiionary 
— to  denote  anticipated  disturbance  somcwJwre  over  these  islands, — 
without  being  in  the  least  degree  compulsory,  or  interfering  arbi* 
tzarily  with  the  moveoients  of  vessela  or  individuals. 

Certain  it  is,  that  although  our  oondustons  may  be  incorrect — our 
judgment  erroneous — the  laws  of  nature,  and  the  signs  afforded  to  man, 
are  invariably  true.    Accurate  interpre^tion  is  the  real  deficiency. 

Seamen  know  well  the  marked  characteristics  of  the  two  gpreat 
divisions  of  wind,  in  all  jiai  ts  of  tlic  world,  and  do  not  care  to  calcu- 
late the  i)il€i  /nediate  chaiigeto,  or  combinations,  to  two  or  three  |)oints. 
They  want  lo  know  the  quarter  whence  a  gale  may  be  expected— 
wiiether  nortiierly  or  southerly. 

Every  seaman  will  admit,  that  however  useful,  and  therefore 
desirable,  it  would  be  to  know  exactly  tiie  hour  of  a  storm's  commence- 
ment— as  our  aeqmUntance  with  meteorology  docs  not  enable  such  times 
to  be  fix(»d — the  next  best  thin?r  to  have  liniit**  assigne<I  for  extra 
vi'rilnnce  and  due  precaution,  which  limiti!i  are  clearly  Rfateti,  in  all  the 
printed  popular  instructic^ris,  to  lie  from  the  time  of  hoisting  the  signal 
until  two  or  three  days  ujUrwards. 

But,  say  some,  and  justly  ^are  ships  to  remain  waiting  to  avoid  a 
gale  that,  after  all,  may  not  happen  ?  Are  fiAermen  and  coasters  to 
wait  idle  and  miss  their  opportunities  ?  By  no  means.  All  that  the 
cautionary  signals  imply  ia — ''Look  out.*'     "Be  on  your  guard." 

Notice  your  glasses  and  the  signs  of  the  weather."  ''  The  atmo* 
sphere  \^  much  disturbed." 

Mriiiy  lemarkable  cases  have  occurred,  whieli  show  the  value  of 
such  warnings,  or  cautionary  notices.  Some  have  been  publibhed  in 
newspapers,  and  need  not  be  repeated ;  others  have  been  communicated 
only  by  private  letters ;  and  one  or  two  of  them  may  be  mentioned 
now  as  instances. 

Admiral  Evans  wrote  tiiat  on  one  evening,  after  a  warning  bad 

been  given  at  Liverpool,  sucli  a  sudden  (thougli  brief)  storm  swept 
over  the  IVfersev  fis  wtmld  have  done  much  hann,  iiad  not  the  harbour* 
master  made  due  [n  rjjaiations,  h(»rause  of  the  signal. 

A  gentiemau  iuteuUiug  to  cio6S  the  Irish  Chaunel  with  au  iuvalid 
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lady,  was  warned  to  wait,  though  the  weather  then  looked  beautiful  in 
Loudon.  That  night  it  blew  a  hurricane**  on  the  west  of  Ireland^ 
and  a  gale  in  the  Irish  Sen  which  lasted  the  following  day. 

Three  sbips-of-war  were  lying  io  Plymouth  Sound,  ready  to  sail 
Ibr  the  West  Indies.  They  waited  two  days,  bang  cautioned^  and 
then  put  to  sea,  in  the  intervening  lull  (as  it  happened),  between  two 
gales,  the  first  of  which  was  blowing"  while  tliey  were  detainer]  :  and 
the  second  was  a  violent  cyclone,  tliat  crossed  France,  tlie  Netiierlauds, 
and  Denmark,  of  which  the  northern  semicircle  swept  our  south  and 
south-eastern  coasts,  but  was  just  avoided  by  Her  Majesty's  squadron, 
or,  rather,  utilised  by  them,  as  they  steered  to  the  westward,  nearly 
before  lUi  easterly  wind,  fyt  some  hours,  and  so  passed  out  dear  into 
the  Atlantic. 

Full  warning  was  given  along"  our  eastern  coasts,  of  that  storm,  in 
which  the  Pni?5sian  corvette  '  Amazon'  wa-s  totally  lost;  and  so  struck 
were  the  Prussian  authorities  by  the  facts  of  that  period — taken  in 
connection  with  otiier  known  cases — that  an  oliiciaJ  application  was 
soon  afterwards  made  to  the  Board  of  Trade  for  information,  with  the 
view  of  enabling  a  sfniilar  system  to  be  organised  in  the  Baltic,  com- 
raunieating,  if  possible,  with  England. 

On  the  12th  of  November,  1861,  a  warning  was  sent  to  Yarmouth, 
in  the  afternoon.  Being  nearly  dusk — and  having  then  no  night 
signals — nothing  was  done  till  next  day.  af}^  all  the  fishing  boats  had 
gone  far  out  to  sea — having  started  very  early  in  tlie  morning.  That 
afternoon  there  was  a  storm  ;  and  to  save  their  own  lives,  the  fishermen 
were  ubiii^ed  to  cut  from  and  abandon  some  40,000/.  worth  of  nets  and 
gear.  Night  signals  might  ba^e  saved  that  loss,  and  the  imminent 
risk  of  many  lives.   Such  means  are  ready  now. 

On  Friday,  the  7th  of  March,  the  warning  drum  was  hoisted 
all  day  at  Plymouth.  Saturday  was  so  fine,  in  appearance^  that  the 
caution  was  not  appreciated,  and  mnckerpl  boats  went  to  a  distance 
— as  !isnal.  That  afternoon  another  signal  was  made — South  Cone 
under  drum — to  show  that  a  heavy  southerly  gale  was  coming  soon. 
It  was  a  beautiful  afltemoon.  No  one  anticipated  the  sequel,  except 
those  who,  spider  lilce,  could  <*fieel  along  the  lines."  Before  midnight 
there  waa  a  storm — ^which  lasted  much  of  the  next  day.  One  of  the 
boats  was  lost  with  eight  men.  A  noore  dangerom  gale  had  not 
been  known,"  was  written  by  an  oflSoer  of  ezperieoce  and  good  judg* 
ment,  in  his  letter  to  a  friend. 

Perhaps  sufficient  tlioii'^Iit  lias  not  always  been  given  to  the  con- 
sideration of  mere  pecuniary  loss  by  wear  and  tear,  risk,  accident, 
delay,  and  demurrage, — caused  by  a  gale  at  sea  ; — balanced  against 
the  results  of  waiting  for  a  tide  or  two^  peihaps  once  in  two  months^ 
when  cautioned  by  a  storm  signal. 

But  be  this  as  it  may,  with  coasters,  short  traders,  or  even  screw 
colliers-^the  question  is  entirely  different  with  ordinary  over-sea  or 
foreign-going  ships — especially  when  starting  from  a  southern,  or  ftom 
a  western  port.   To  such  vessels  a  gale  in  tlie  Ciianiiel,  or  even  during 
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tlie  first  day  or  two  after  cleariiisr  tlie  land,  must  always  he  very 
prejudicial.  Otticers  and  lueu  are  mulually  strange.  Tiaxj^  are  uot 
in  their  places ;  ofteo  not  secured — and  tlie  ship  perhaps  li  untried  at 
sea*  Of  course^  however,  these  remarks  are  inapplicable  to  fine  first- 
class  ships — and  to  powerfiil,  well-managed  steamen,  independent  of 
wind  and  weather,  vrbieh  start  at  fixed  hours. 

In  concIusioD,  it  appears  that  if  due  attention  be  paid  on  the  coasts 
to  cautionary  sig'nals — and  at  the  central  office — io  the  tele<jraphed 
reports — no  very  dangerous  storm  uvm\  Ik*  anticiiiatcd,  witlumt  more  or 
less  notice  of  its  approach  being"  ltciu  r;illy  commuiiicaleil  uiouiid  the 
BritLbh  Islands ;  or  lo  thotic  cuadt^  wiiicii  are  likely  to  be  moe»t  atiected 
by  its  mateet  strengths 
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Sib  Hxnbt  Holiand,  Bart.  M.D.  D.C.L.  F.B.S.  Vice-President, 

in  the  Cbair. 

Mr.  Commusiohsb  Hill, 

On  t/i€  Post-office. 

The  first  indication  of  a  letter  post  is  stated  ]>}  Oemuui  authors  to 
have  been  found  in  the  republic  of  the  Ilanse  Towns  as  onrly  as  the 
thirteenth  century.  Shortly  afterwards  it  was  adopted  by  the  Teutonic 
knights,  who,  like  him  of  the  Canterbury  Tales,  made  war  on  the  in- 
fidels in  Liihaania  and  the  adjacent  distiicLs  eastward.  We  may  next 
trace  a  line  of  pobtfi  in  the  Tyrol,  laid  down  in  the  reign  of  the  Em- 
peror Maximilian,  who  natttrally  desired  to  connect  Lombardv  with 
hb  Aosfrian  dominioos.  The  merit  of  this  project  is  given  by  his- 
torians to  the  Lombard  princes  of  the  house  of  Thuro  and  Taxis,  as 
they  were  designated  after  their  removal  to  Germany.  Under  the 
Emperor  Clmrles  V.  t!iey  established  a  line  from  Vienna  to  Bru^sfls, 
thus  connecting  the  i^inipire  with  its  outlying  possessions  in  Flanders. 
Until  the  reign  of  Flenr^'  VIII.,  letters  in  England  were  conveyed  by 
special  messengers — t-ioinetimes  on  foot,  sometimes  on  horseback — and, 
again,  by  carriers  who,  as  we  learn  from  Shakespeare,  had  no  relays,  the 
same  horse  either  carrying  its  paeti  or  drawing  its  cart  from  day  to  day. 
How  far  England  was  behind  some  other  nations  in  very  important 
social  ammgements  is  indicated  by  the  circumstance  that  long  before 
we  had  a  post  for  inland  letters,  the  foreip^n  merchants  residf  nt  here  on- 
joye<{  a  stated  interchange  of  correspondence  witli  the  Continent.  This 
undertaking  had  its  origin  during  the  reign  of  Henry  VI 11.,  or  prior 
to  its  commencement.  In  tiiat  of  James  1.,  from  a  cuinplaint  by  the 
English  merchants  that  the  foreign  postmaster  delayed  their  letters, 
the  King  took  th«  appointment  into  his  own  hands,  it  might  be  fairly 
presumed,  even  in  die  absence  of  direct  evidence,  tliat  the  postboy  who 
carried  despatch^  or  accompanied  the  traveller  during  a  stage  of  his 
journey  to  take  baek  the  ])ost-horse,  would  be  induced  now  and  then  to 
carry  a  i)rivate  letter,  so  that  in  the  course  of  years  a  usage  profitable 
Vol.  111.   (No.  36.)  2  i 
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to  all  parties  would  grow  up  which  would  engraft  a  letter  post  (of  a 
mde  kind,  perhaps,)  on  a  system  wldch  the  law  inteaded  only  for  des- 
patehes  aud  for  travellers.  The  hypothesis  is  oonfirmed  hy  histoiy, 
and  this  practice  eventually  became  so  extensive  as  to  attract  the  at- 
tention of  the  Government.  The  years  1635  and  1637  w'!tnc*ssod  the 
issue  by  Charles  I.  <>f  his  famous  proclamation  establishing  our  post- 
office  on  its  present  foundation,  and  directing  that  it  should  extend  to 
iScotlaud  and  Ireland.  The  merit  of  this  enterprise  would  seem  to 
belong  to  Thomas  Witherings,  who  was  appointed  first  Inland  Post- 
master^General,  he  being  already  one  of  the  masters  of  the  foreign 
post  Soon  afterwards  the  ever*memomble  troubles  of  that  unhappj 
reign  broke  out.  The  proclamations  had  claimed  for  the  Crown  a 
right  of  monopoly.  It  will  create  no  surprise  to  learn  that  this  pre- 
rogative was  questioned  V>v  Parliament,  nor  tliat  when  the  TTouses  be- 
came paramount  over  tlie  King,  they  <  ontirnied  the  monu{Hjly,  trans- 
ferrinp^  it,  however,  to  theiust  lves.  and  closid  a  rival  post-office,  wliicii, 
after  i'arUament  iiud  contested  the  lv.iug'i>  right,  had  beeu  bet  ou  loot 
by  the  city  of  London.  As  the  oonflict  between  the  Parliament  and 
the  city  (no  such  unequal  combatants  in  those  days  as  they  would  be 
in  the  present)  would  call  for  legal  knowledge  on  the  part  of  the  Post- 
master^eneral,  his  office  was  united  to  thai  of  Attorney-General  in 
the  person  of  Mr,  Prideaux.  He  claimed,  probably  with  justice,  the 
credit  of  having  so  improved  and  expanded  the  system  as  to  make  it 
not  only  self-supporting,  but  even  to  yield  a  profit.  Taught  by  the 
success  of  the  city  enterprise  he  lowered  the  rates  of  postage  and  in- 
creased the  frequency  of  despatches,  thus  evincing  that  he  not  only 
apprehended,  but  acted  upon  principles  which,  luthough  they  have 
ever  since  received  lip-homage,  have  too  often  been  disregaraed  in 
practice^  official  men  preferring  immediate  petty  gain  to  large  pro6t8 
in  the  not  distant  future.  In  spite  of  great  deficiencies  in  the  service, 
the  revenue  of  the  Post-office,  says  T>ord  IVFaejinlfiy,  was  from  the  first 
increasing.  In  the  year  of  the  Kestoration  the  net  receipts  were  esti- 
mated at  about  liO.OOO/.  At  tlie  close  of  the  reign  of  Charles  II.,  the 
net  receipts  were  little  short  of  oO,000/.,  gross  about  70,000/.  But  the 
proceeds  came  partly  from  the  monopoly  of  post-horses,  which  was  a 
considerable  source  of  profit.  About  the  year  1688,  Robert  Murray, 
an  upholsterer  of  London,  set  up  a  peony  post,  which  delivered  letteiB 
and  parcels  six  or  eight  times  a  day  in  the  busy  and  crowded  streets 
near  the  Exchange,  and  four  times  a  day  in  the  outskirts  of  the  capital, 
the  T^oyal  Post-office  havinp"  made  no  provision  for  corresi)ondence 
between  one  p;irt  of  London  and  another.  This  undertaking  he  fis- 
signcKi  to  Williaiii  Duckra;  but  as  soon  as  it  became  clear  that  the 
speculation  would  be  lucrative,  the  Duke  of  York,  on  whom  the  whole 
net  revenue  of  the  Post-office  had  been  settled  by  his  brother,  com- 
plained of  the  penny  post  as  an  infraction  of  his  monopoly,  and  the 
'  courts  of  law  decided  in  his  favour.  Hurray's  invention  was  thus 
wrested  from  Dockra,  and  its  profits  went  to  swell  the  income  of  the 
Duke.   The  fusion  of  the  two  systems  was  imperfect,  the  letter- 
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carriiTs  belonging  to  each  being  Hiill  confined  to  their  former  duties, 
80  that  they  would  often  be  found  in  the  same  street,  and  not  seldom 
would  meet  at  the  same  door ;  whereas  if  one  had  handed  over  his 
letten  to  tbe  other,  and  had  then  retired,  the  work  might  have  been 
performed  just  as  well.  It  would  hardly  obtain  belief,  but  for  the 
notoriety  of  the  &ct,  that  this  waste  of  hibour,  which  to  the  pubh'c  was 
a  waste  of  money  constantly  increasing,  survived  to  the  year  1854. 
So  dear,  from  loftp;  association,  had  this  absurdity  become  to  ofluMal 
men,  that  althougii  it  was  attacked  in  the  report  of  the  Commissioners 
of  Inquiry  as  early  as  1829,  and  although  its  abolition  was  an  object 
of  ^rnebt  desire  with  the  author  of  Penny  i'ostage,  who  included  the 
ebange  in  his  proposal  when  be  rabmitted  it  to  the  nation  and  to 
Farlwmeot,  yet  it  was  not  ontil  fourteen  years  after  he  entered  opou 
the  administration  of  the  PostFoffice  that  he  was  enabled  to  overcome 
the  impediments  which  the  usage  of  nearly  two  oenturies  had  accu- 
mulated in  the  way  of  this  obvious  improvement.  Until  1720  the  lines 
of  ]>o«;tal  romnumicutioii  had  been  radial  Irom  each  metropolis  of  the 
three  kingdoms,  tiie  numbf  r  of  (■ros>  posts  being  coniparaliveiy  few. 
But  in  that  year  the  weil-known  Kalph  Allen,  then  ut  the  head  of  the 
Bath  Post-office,  made  a  contract  with  the  Government  to  establish  a 
eroas-post  between  the  cities  of  Exeter  and  Cliester,  by  way  of  Bristol, 
Glouoesler,  and  Worcester,  thus  conneoting  the  West  of  Kngland  with 
iUte  mail  lonte  to  Ireland,  and  giving  postal  intercommunication  with 
many  towns  of  importance.  His  terms  were — to  bear  himself  all  the 
cost  of  the  service,  to  pay  a  fixed  rent,  and  to  retain  the  surplus.  This 
contract  was  renewed  and  extended  from  time  to  time,  so  as  to  include 
other  branches  of  road,  and  termioattd  only  with  his  death  in  17G4. 
Mr.  Palmer  (a  great  name  in  tiie  annals  of  the  Post-office)  ^says  the 
net  profits  of  this  oootract  to  its  hMst  amounted  to  12,OOoI  a  year, 
or  in  the  total  to  rather  more  than  half  a  million  I  This  is  the  only 
instanee  of  unclouded  good  fortune  in  the  career  of  postal  reformers. 
Eighteen  years  after  the  death  of  Allen  appears  John  Palmer,  pro- 
prietor and  manager  of  the  theatres  of  Bristol  and  Bath.  The  most 
obvious  feature  of  liis  plans  was  the  substitution  of  niail-coaclies  for 
bovs  on  iiorsel^u^,  or  for  mail-carts,  though  lie  introduced  umny  other 
improvements.  He  encountered  much  opposition,  but  the  Minister, 
the  younger  Pitt,  adopted  his  plans,  and  Mr.  Palmer  was  employed  to 
carry  them  into  efibet  His  opponents  bided  their  time^  and  two  yean 
afterwards,  wheo  his  plans  were  yet  only  in  partial  operation,  he  had 
to  encounter  another  struggle,  and  was  defeated.  The  Minister, 
although  he  gave  up  the  inventor,  retained  the  invention.  It  had  been 
agreed  that  Palmer  wa^  to  have  1.500/.  a  year,  and  2^  per  cent,  upon 
all  excess  of  reveime  beyond  a  fixed  sum.  Wiien  ''iocted  from  the 
Po^t-olhce,  not  only  did  his  Hilary  terminate,  but  instead  of  his  2i  per 
cenL  he  was  obliged  to  accept  a  life  annuity  of  3000/.  This,  ev  en  at 
that  early  date,  was  below  the  proceeds  of  his  percentage,  while  the 
rapidly  advancing  ravenne  soon  made  the  difierence  &r  wider.  He 
appealed  against  this  injustice,  and  eventually  obtained  a  Par* 
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liameDtary  grant  of  50,0001. ;  an  wiioiiDty  however,  wholly  inade- 
quate to  satisfy  bis  olaiin. 

To  what  ft)st(»r-parents  the  young  system  w;is  c<>t!S!fi?)pr]  on  tlie  loss 
of  its  fathpr  may  be  gathered  from  certain  critic  isms  prottcreil  by  the 
geutleiuea  of  the  Post-office  on  Palmer's  propu«*U  even  after  tliey  had 
had  some  brief  and  partial  trial.  Mr.  Draper  objects  to  niaii  coacii(^ 
as  running  toofasL  He  declaree  that  the  poet  cannot  travel  with  the 
expedition  of  chaises  and  diligences  on  acconot  of  business  needing  to  be 
done  at  the  Poet-oifice  in  each  town  throngh  which  it  passes— the  fear- 
ful velocity  which  Mr.  Draper  deprecates  rising  possibly  to  six,  or,  in 
some  cases,  even  to  seven  miles  an  hour.  Be  it  remembered,  however, 
that  prior  to  Mr.  Palmer's  iiiiiovntions,  the  average  rate  of  the  niail, 
including  stopj>ages,  was  only  three  mih^s  and  a  half  per  hour,  winch, 
in  the  opinion  of  the  office,  lefl  nothing  to  be  desired  !  In  truth,  ^ipeed 
appears  to  have  been  looked  upon  with  great  suspicion.  Palmer  had 
maintained  that  the  post  should  outstrip  all  other  eonvsyances ;  but  the 
judicious  Mr.  Hodgson  says,  "  I  do  not  see  why  the  post  skmUd  be  the 
swiftest  ^nv^ance.  Personal  convejrances,  I  apprehend,  should  be 
much  more,  and  particularly  with  people  travelling  on  business."  Palmer 
found  the  net  annual  revenue  of  the  i^ost-olttce  about  150,000/.  By 
the  year  1814,  in  the  face  of  an  enhanced  tariff,  it  had  risen  tenfold,  ' 
namely,  to  1  .oO(^,(XX)/. — an  augmentation  chiefly  attributable  to  the 
greater  speed  and  punctuality  secured  by  his  improvements,  tiiough 
aided  unquestionably  by  the  national  advancetnent  in  population  and 
wealth.  But  thenceforward,  until  the  epoch  of  penny  postage,  the 
impulse  given  to  tin  incre^ise  of  letters  by  the  causes  already  p<jinted 
out,  and  indeed,  by  all  others — especially  by  INFacadam's  admirable  in- 
vention ^r  bettering  our  ronds,  which  enabled  the  mails  to  attnin  a  rale, 
including  stoj)pi!i:(  <  cf  ten  iniies  an  hour — proved  to  have  bt  r  ome  ex- 
hausted. For  twenty  years  the  number  of  letters  passing  tlirough  the 
Post-oflice  remained  stationaiy,  amidst  the  rapid  developmeut  of  our 
manufactures  and  our  commerce,  the  concentration  of  the  national 
mind  on  the  arts  of  peace,  the  consequent  expansion  of  correspondence, 
and  the  innumerable  iaciliUes  for  its  distribution  which  had  been  thus 
created  and  had  been  necessarily  displayed  before  the  slumberous  eyes 
of  the  postal  ntithoritifs.  The  augmentation  of  r«)rrp<spondence  had 
broken  through  the  monopoly  of  the  Post-office,  guarded  although  it 
was  by  high  penalties,  rigidly  enforced.  The  mail  (  (lacljf  s  were  out- 
stripped by  the  improved  stage  coaches,  which  set  the  penal  iaws  at 
defiance  and  canied  an  enormous  number  of  contraband  letters.  But 
in  spite  of  harsh  laws  harshly  executed,  of  a  straitened  service,  and  of 
exorbitant  rates,  the  Post-office  still  remained  a  popular  and  respected 
institution.  At  length,  however,  it  discovered  that  it  had  traded  too 
long  on  its  reputation.  Murmurs  were  heard  among  the  peo]de,  and 
the  discontented  found  a  ehampimi  in  the  late  Mr.  Wallace,  M.P.  for 
Greenock,  w)m»  Ik  i|i!ently  ealied  tiie  attention  of  the  House  to  tht* 
preposterous  miai  ol  our  |x>stage.  The  desire  for  change  grew  wiiii  a 
Steady  growth. 
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In  the  1837  Mr.  Rowland  Hill,  theu  filling  the  position  of 
secretary  to  the  Commissioners  for  managing  the  aflbirs  of  South  Aus- 
tralia, a  penoD  searoely  kDown  beyond  the  circle  of  his  family  and 
his  iHends,  pot  forth  a  scheme  of  postal  reform  which,  bemg  named 
after  its  most  striking  feature,  was  called  Fenny  I'ostage.  He  pio> 
posed  the  uniform  rate  of  a  penny  for  all  letters  under  lialf  an  ounce,  to 
whatever  part  of  the  Knlted  Kingdom  they  might  be  Cfirricfl.  Hitherto, 
if  a  letter  consisted  (jf  two  pieces  of  paper,  ImwevLT  small,  it  was 
charged  double  postage.  Treble  letters  paid  treble  postage,  quadruple 
letters  and  all  other  multiples  paid  according  to  weight,  but  on  a  scale 
still  increasing  in  proportion  to  distance.  TaUng  all  matters  into  ao* 
coont  he  stnidk  an  avenge,  whence  it  appeared  that  by  his  plan  the  public 
nught  command  for  Id.  as  mucli  postal  service  as  could  be  had  on  the 
then  established  rates  for  9d,  The  people  at  large,  the  manufacturing 
and  mercantile  classes,  the  clergj' — who  witnessed  every  day  the  priva- 
tions endured  by  the  poor  for  want  of  a  post-office  within  their  means 
to  use — all  united  in  loud  and  earnest  jjrayers  to  the  Legislature  to  con- 
fer upon  litem  the  boon  which  had  been  held  up  before  their  eyt^.  On 
the  other  hand  the  heads  of  both  the  great  parties  in  the  State  were 
impressed  with  the  fiscal  dangers  of  the  proposed  experiment ;  many 
believing  that  the  project  involved  not  merely  an  extinguishment  of  all 
revemie  from  letters,  but,  in  addition,  a  ruinous  subsidy  to  defray  the 
expenses  of  the  service.  Not  that  Mr.  Hill  had  left  his  plan  unsup- 
ported by  allegations  of  fact  airl  liy  rir^i^iunents,  which  in  the  event  of 
the  facts  being  sustained  in  prooi.  showed  that  the  attractive  results 
promised  might  be  achieved  without  any  ultimate  diminution  of  the 
net  revenue  to  a  more  sertoos  extent  than  from  1,500,000/.,  at  which 
it  then  stood,  to  1,200,000/.  For  a  long  series  of  years  prior  to 
1837  the  state  of  the  l^ost-oflice  had  bt^en  a  favourite  subject  of 
inqoiry  both  by  Koyal  Commissioners  >aod  Parliamentary  commit- 
tees, although  the  only  very  conspicuous  product  of  these  investi- 
gations was  :i  furtnifhihle  \y}]'^  of  blue  books.  To  ]\Ir.  HtlL  luiwevcr, 
who  had  (  r  entered  a  |M)>t-ofhc'e  in  his  life,  tliese  books  were  a 
mine  of  knowledge  enabling  him  to  trame  a  set  of  queries,  to  some 
of  which  he  succeeded  iu  procuring  answers.  But  these  were 
neitber  abondant  nor  accurate.  For  instance,  it  was  essential  tliat  he 
should  ascertain  within  certain  limits  the  numi>er  of  chargeable  letters 
passiug  through  the  British  post-offices  in  each  year.  Ko  satisfactory 
information  on  this  head  was  the  Post-office  able  to  aflTord.  Upon  the 
best  data  within  hi-  reach  he  computed  the  annual  number  at  about  88^ 
milltous  ;  but  alter  some  time,  haviiur  to  a  certain  extent  been  able  to 
<X)rreft  his  data,  he  revised  his  estiniaie,  wliieii  lie  finally  settle<l  at  79^ 
millions.  The  I'ost-oftice  estimated  the  number  at  42  or  43  millions, 
then  at  $6  millions,  next  at  67  millions,  and  subsequently  at  70  millions. 
Bat  the  Committee  of  1888,  after  a  most  laborious  and  searching  scru- 
tiny, conducted  with  untiring  zeal  and  with  a  degree  of  ability  which 
cannot  be  too  highly  appreciated,  arrived  at  the  conclusion  that  the  real 
number  was  774  millions.   Eventually  it  was  admitted  by  the  Post- 
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office  itself  to  amount  to  76  miliions,  wliicli  number  was  finally  adopted. 
As  the  scheme  of  Penny  Postage  was  based  ou  the  understanding  thai 
the  ultimate  loss  to  the  revenue  would  not  exceed  300,000/.  per  annum, 
a  tolerably  aocuiale  compatation  of  the  real  namber  of  letten  was  one 
of  the  problems  regarding  the  amouDt  of  increase  in  oorrespondenoe 
required  to  falfil  this  condition,  it  being  self-evident  that  if  the  Post- 
office  had  been  correct  in  its  estimate  of  43  millions,  the  rcquireil  mul- 
tiplicrttion  must  l>e  vorv  much  larger  than  if  the  then  existing  number, 
as  was  now  concedecl,  amounte<l  to  76  miliions.  The  Postmaster- 
General  contended  tliat  a  twelvefold  increase  would  be  necessary,  while 
Mr.  Hill  calculated  that  a  iiv  efold  increase  would  suffice.  To  enable 
the  Committee  to  form  a  judgment  of  the  soaroes  of  loerease,  he  began 
by  addudng  evidence  to  prove  die  vast  mnMtude  of  oontrabend  letters 
which,  if  postage  couhl  be  reduced  to  a  penny,  there  would  be  no  temp- 
tation to  transmit  through  a  surreptitious  medium.  He  then  proceed^ 
to  show  th;it  f!i»'  number  of  contraband  Irttors.  o-reat  an  it  was,  most 
sink  into  insi'^niticance  when  compared  with  that  which  the  high 
tariff  prevented  from  being  written  at  all.  It  is  believed  that  on  the 
institution  of  I'cnny  Postage  contraband  transmission  ceased  altogether, 
and  yet  the  first  ycHir  added  but  93  millions  of  letters  to  the  76  milHom 
of  the  old  system,  while  some  portion  of  this  98  millions  must  clearly 
be  placed  to  the  acooant  of  letters  which,  but  for  the  rednetioii  in  post- 
age, would  not  have  come  into  existence.  The  augmentations  of  sub- 
sequent years  have  exceeded  the  limits  of  the  wildest  aspirations.  But 
Mr.  Hill  did  not  depend  altogether  on  the  efiect  to  be  produced  by 
swelling  the  grand  total  of  letters.  He  laid  great  stress  on  diminishing 
to  the  Post-H)tlice  the  expense  of  the  service  :  the  cost  per  letter,  not 
the  total  expense.  T/tat  b^  the  expected  great  increase  of  letters  was 
sure  to  be  enhanced.  This  important  end  he  proposed  to  attain  by 
the  combination  of  two  expedients.  One  was  uniformity  of  post- 
age. The  other  the  relief  of  the  office,  by  the  employment  of  stamps, 
from  the  onerous  duty  of  collecting  postage.  That  both  these  changes 
must  be  highly  ecotioniical  is  obvious.  The  taxation  of  letters,  a-^  it 
was  then  called,  meaning  thereby  the  task  of  iiscertaining  the  amount 
of  pastage  for  each  letter,  and  registering  it  ujH)n  tlie  letter  it^^elf,  was  a 
slow  and  complex  process,  the  greater  part  of  wliich  uniform  postage 
did  away  with.  Bat  the  principal  item  of  cost  had  always  been  the 
delivery  of  letteis  firom  house  to  house.  Under  the  old  system  the  sfl 
but  universal  usage  was  for  the  sender  to  post  his  letter  unpaid.  The 
inevitable  consumption  of  time  thus  caused  in  the  collection  of  postage 
would  be  fresh  in  the  memory  of  a  larire  portion  of  tho  audience. 
NeithfT  of  the  two  branches  of  })ostal  service  thus  cb<  a|u'ii<'(i  pr^entetl 
any  «>l»>t;i(  ]<  lo  the  appliciition  of  tlie  principle  of  uniiurmity  ;  but  the 
third,  namely,  ilic  journey  which  the  letter  made  from  the  office  of  re- 
ception to  that  of  destination,  would  appear  at  first  sight  of  necessity  to 
demand  different  rates  of  remuneration.  No  one  was  prepaivd  to  be- 
lieve that  the  transit  of  a  letter  from  St.  Martin's-le-Grand  to  Bamet, 
the  fiwt  stage  on  the  road  to  Edinburgh,  would  cost  pncticayy  the 
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tame  as  the  whole  jooney,  and  yet  Mr.  Hill  found  on  laborions  invM- 
tigatioD,  that  woteh  was  the  fact — the  sum  for  the  whole  journey  only 

amounting;  fo  one-ninth  of  a  frsrthing !  Thus,  it  is  clear  that  strict 
justice,  to  say  notliiiig  ot  convenience  to  the  Post-office,  which  means 
eoouomy,  is  more  closely  approached  by  makinjr  no  variation  of  charge 
in  respect  of  greater  or  smaller  distances  oi  conveyance  thau  could  be 
attained  by  acting  on  any  diftiential  scale  imaginable,  unless,  indeed, 
we  bad  a  ootnage  desoending  fiur  below  fiurthingB.  By  the  lesult  of 
this  investigation^  wbieb  I  think  I  am  justified  iu  calling  a  discovery, 
all  ofcgectioos  to  adopting  tbe  principle  of  uniformity  were  fully 
answered,  and  Mr.  Hill's  case  was  complete.  The  Committee  reported 
in  his  favour  ;  tlie  project  was  enibmiied  in  a  liill  ;  passed  the  Jjei^is- 
lature  tbe  next  session,  and,  at  the  commeiicemeut  of  tlie  year  1840^ 
was  carried  into  operation. 

And  here  time  warns  me  to  break  off  my  narratiYe.  I  will  con- 
<dude  with  a  brief  comparison  of  postal  afiain  as  they  stood  at  the  pub- 
lication of  Mr.  Rowland  UiU*s  plan  with  their  present  state ;  premising 
that  the  results  which  I  have  now  to  eshiiHt  could  not  have  been  ob* 
tained  without  hearty  and  intelligent  co-operation  on  the  part  of  many 
gentlemen  in  tiie  Post-oiiic  e.  wfio  in  the  discharge  of  their  respective 
duties  have  laboured  witii  lideiity  and  devotion  to  promote  the  new 
system  to  the  best  of  their  ability.  I  cannot  bring  myself  to  pass  their 
exertions  by  in  utter  silence,  fldthough  I  have  no  space  for  a  more 
eipUcit  notification  of  their  services.  As  late  as  the  \  car  1838,  of  the 
2100  districts  of  the  legistnn  of  birtlis,  deaths,  and  marriages  in  Eng* 
land  and  Wales,  about  400,  then  contauoing  1,600,000  inhabitants,  were 
destitute  of  a  single  jjost-office.  The  average  extent  of  each  district 
was  nearly  20  square  miles.  Several  of  these  i>ostal  deserts  were  con- 
siderably larger  than  the  county  of  Middli  sex  !  The  average  population 
of  the  chief  place  of  each  district  was  i  400,  and  its  average  distance 
from  the  n^rest  post-office  between  four  and  five  miles.  Yet  the  rami- 
fications  of  cor  postal  system  pervaded  Kngland  £ir  more  thoroughly 
than  they  did  the  remaining  divisions  of  the  United  Kingdom.  Many 
other  English  and  Welsh  districts,  though  possessing  post-offices,  were 
yet  so  scantily  supplied  with  them  in  proportion  to  their  area,  that  in  all 
probability  4,0(X),000  of  the  population  of  England  and  Wales,  amount- 
ing at  tiiat  date  to  one-quarter  of  the  wiioie,  must  be  held  to  have  been 
destitute  of  postal  accommodation.  The  great  extent  of  the  deficiency 
might  be  also  gathered  from  the  single  fact  that,  while  England  and  Wales 
contain  about  11,000  parishes,  the  total  number  of  their  post-offices  of 
all  descriptions  was  coly  8000L  At  the  present  day  the  comparison  stands 
thus.  The  number  in  England  and  Wales  has  increased  to  11,000, 
making  it  scarcely  possible  that  any  one  of  the  registrars*  districts 
should  now  remain  unsupplied  with  a  post-office.  The  offices  in  Scot- 
land and  Ireland  have  also  received  considerable  angmenlation,  llie 
number  in  the  United  Kingdom  having  risen  irom  4518  to  14.358.  In 
1838  Mr.  IliU  suggested  the  institution  of  day  mails  to  fiicilitate  tbe 
despatch  of  kttan,  Nowamail  by  day  as  well  as  by  night  isde^tched 
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to  most  of  the  towns  in  England  and  Irelind.  A  large  namber  haTo 

the  advantage  of  two  day  mails,  and  Mine  have  even  three  or  more. 

In  the  metropolis  under  the  old  system  there  were  but  sW  dolivcn'os 
per  (linn.  There  are  now  oleveii.  Several  of  the  suburbafi  districts 
liave  six  deliveries  ii  day.  1  iie  measure  wliicli  rendt  rt  d  these  improve- 
meuts  practicable  was  the  divisiuu  of  the  metropolis  into  ten  postal  dis- 
tricts. It  came  into  partial  operation  iu  1866,  and  is  now  almost  oom« 
plete.  Each  of  these  districts  is  treated  as  a  separate  post  town.  This 
arxan  semen  t  has  been  followed  by  a  vast  and  rapid  increase  of  letters 
posted  and  delivered  within  the  Ixiodon  district.  During  the  five 
years  preceding  1856  the  averagt?  annual  advance  in  the  number  of 
metropolituti  letters  was  only  31  per  cent.  By  1858  it  had  rtsrn  to 
12  per  cent,  'i  liese  letters  far  exceed  the  total  number  from  ail  sources 
home  or  foreign — delivered  throughout  the  whole  island  of  Great 
Britain  ^London  included)  in  1839.  They  amount  to  68  millions, 
being  only  8  millions  less  than  the  grsod  total  of  the  United  Kingdom 
for  that  year.  Subdividing  Xtondon  has  also  effected  a  oonsiderable 
acceleration  in  the  first  delivery  of  each  day.  Postage  to  and  from  the 
colonies  and  foreign  parts  has  been  much  lowered  while  the  transit  has 
been  greatly  quickened,  in  1839  the  number  of  newspapers  delivered 
in  the  United  ICitij^dom  was  about  ''A\  millions.  At  tliat  date  every 
copy,  by  liiw,  bore  a  stamp,  which,  however,  had  the  advantage  of 
franking  it  when  sent  by  post.  This  privilege  furnished  a  strong  motive 
to  proprietors  and  newsmen  to  distribute  their  impressions  tlirough  tliat 
channel ;  whereas  at  present,  if  copies  are  sent  by  any  other  means  than 
throii  <i;li  the  post  no  expense  is  incunredin  stamps.  Nevertlieless  the  num- 
ber despatched  through  the  Post-office  last  year  reached  72^  millions. 

The  pri  vilerre  of  sending  books  and  works  of  art  by  post  at  a  reason- 
able charge  is  one  of  Mr.  Hill's  improvements.  Medicines,  watches, 
patterns,  botanical  s^peciuiens,  seeds,  and  many  other  articles  now  pass* 
largely  through  the  office,  to  the  convenience  of  all,  but  more  especially 
of  residents  in  the  country  :  for  it  is  not  underyaluing  the  great  benefits 
we  have  derived  from  the  multipUeation  of  xailways  to  remark  that  tfaej 
do  not,  and  probably  never  can  without  the  aid  of  the  Poft-office,  dis- 
tribute parcels  even  to  all  our  towns  much  less  to  our  villages  and  single 
bouses ;  whereas  the  proportion  of  letters  and  other  ]v>ste<l  packets 
delivereil  by  the  letter  cnrrif^rs  nt  f)ie  houses  of  those  to  whom  ihev  are 
addressed  is  now  proUably  uui  le>s  tiian  9.3  percent,  of  the  total  numiier 
despatched.  Of  late  years  the  rapid  development  of  the  book-post,  which 
dates  from  1848,  has  been  remarkable.  In  1854  the  number  of  sueh 
packets  was  only  760,000,  yet  last  year  it  had  swollen  to  twelve  milliona. 

An  importarit  branch  of  the  service,  largely  develofyed  since  the 
institution  of  I^enny  Postage,  is  the  system  of  money-orders.  In  1839, 
the  total  number  issued  for  the  United  Kingdom  was  1RR.9*21,  and 
the  amount  of  monev  313,124/.  In  1861,  the  number  n  lied 
7,.'jS().455,  and  the  amount  was  14, (il 6,348/.  And  during  tiiat  inler- 
val,  although  the  prices  ui  money-orders  has  been  reduced  to  one-half, 
the  growth  (tf  the  i^stem  has  been  accompanied  bj  a  change  most 
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advantageous  to  the  department.  Tn  the  first  yeixrs  the  service  entailed 
a  loss,  which  for  1847  amounted  to  10,000/.  In  I860,  it  brought  a 
profit  of  28,0001.  InteroonimuDication  of  every  kind  told  upon  the 
iocreeae  of  letten,  and  no  doubt  the  last  additioD  to  the  beoefita  con- 
ferred by  the  Post-office,  namely,  its  Savings-banks,  now  rapidly  eprend* 
Ing  over  the  land,  will  be  followed  by  similar  consequences. 

From  the  varions  causes  thus  oo-{>])en\tinf^  to  the  increase  of  letters.  I 
pass  U)  ettects.  The  uuniher  of  chargeablt!  letters  delivered  fnnn  the 
British  offices  in  the  last  complete  year  be  lore  the  reduction  of  j.osLage 
was,  us  1  have  said,  taken  at  76  uiillious.  Tlie  number  in  1861  iiad  risen 
to  the  attipendouji  ansoant  of  698  miniona,  being  nearlj  an  eightfold 
mnltiplication  of  tlie  former  mimber.  Let  us  study  the  proportion  of 
letters  to  population  at  the  two  extremes.  In  1889,  it  stood  tims 
In  England  and  AVales  four  letters  per  annum  to  each  individual,  in 
Ireland  one,  in  Scotland  three,  being  an  aveniore  of  three  tn  each  per- 
son in  the  United  Kin[:'lnni.  In  1861,  it  had  grown  in  England  and 
Wales  to  twenty-four  per  head,  in  Ireland  to  nine,  in  Scotland  to  nine- 
teen, being  an  average  of  twenty  per  head  for  the  United  Kingdom, 
This  enormons  increase  might  be  placed  in  still  another  light.  The 
total  weight  of  letters,  ezdnsiye  of  newspapers  and  other  natter, 
during  the  year  1889,  was  758  tons.  In  1861,  it  had  risen  to  4300 
tons.  The  increase  of  the  average  daily  mileage  of  the  mails  is  very 
striking.  It  was  estimated  that  in  1839  it  did  tint  oxr^pd  '4,000  miles 
per  diem  ;  whereas  in  1861  it  had  risen  to  14H,(XX).  l»eing  six  times  tlie 
circumference  of  the  globe.  The  staff  of  othcers  of  all  ranks  and  both 
sexes  constantly  employed  in  tlie  labours  of  the  Post-otiice  was  in  1839, 
by  rough  estimate,  about  8000*  In  1861 ,  it  was  by  exact  enumeration, 
25,473.  In  addition  to  this  force  many  persons  are  engaged  for  a 
portion  of  their  time.  The  gross  revenue  in  1838  was  2,346,278/.$ 
in  1861.  upwards  of  three  millions  and  a  half.  Hence  it  appears  that 
notwithstanding  the  wonderful  reduction,  whereby  the  public  now  ob- 
taujs  far  more  of  the  article  postage  for  the  same  price  than  it  did 
formerly,  yet  that  its  expenditure  in  j)ostage  exceeds  by  more  than 
one-halt  tlie  amoimt  so  spent  under  the  old  exorbitant  rates.  The  net 
revenue  for  the  last  year  exceeds  1,500,000/.,  so  that,  as  regards  both 
gross  and  net  revenue,  th^  facts  have  gone  beyond  Mr.  Hill's  original 
estimate.  Nor  is  the  promise  for  the  loture  less  brilliant  than  the  ex- 
perience of  the  past.  Correspondence  is  still  advancing  by  rapid 
strides.  One  feature  in  this  vast  accession  cannot  btit  give  rise  to 
sanguine  expectations.  Whatever  the  vicissitudes  in  our  harvests — 
wliatever  the  fluctuations  of  our  commerce-  whether  we  are  in  the  en- 
joyment of  peace  or  suffer  the  privatious  of  war — each  revolving  year 
adds  to  the  mass  of  our  correspondence.  The  tide  of  our  lettera,  like 
that  from  the  Pontic  to  the  Propontic  Sea,  knows  no  ebb.  1861, 
though  by  no  means  a  year  of  unclouded  prosperity,  added  an  influx  of 
twenty-nine  millions — an  addition  even  beyond  the  average  of  former 
veaT^.  Sueli,  then,  is  the  snrf'f>-^<  of  Penny  PovtM'i:^,  roid  such  are  its 
prospects,   htiil,  though  no  peril  can  be  discerned,  tlte  instinctive  feel- 
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ings  of  mankind  and  the  teachings  of  history  varn  us  always  to  be  pi«> 
pared,  if  not  for  Teverses,  yet  m  wom»  imerraptioD  iu  tUi  eouna  of 
« ,   nneiampled  pnxperitj.  Xiuit»  should  cbecks  ooour,  thoy  will  be  tmi- 

nent  and  casual,  we  may  reasonably  expect,  ftooe  ooRe8|K)ndeiiee  doei 
not  flourish  or  lade  with  the  changes  of  manners  or  fashions.  Its 
growth  is  governed  by  causes  not  peculiar  to  any  one  country,  but 
coiiiiiitui  to  all.  This  is  demonstrated  by  the  rapid  spread  of  the  new 
system  throughout  the  civilized  world.  One  source  of  danger  is  dried 
up.  The  Post-office  no  longer  assumes  to  be  periect,  uiid  its  cou- 
diielon  have  reaounced  their  ekdma  to  infidlibility.  Suggested  im- 
provementSy  if  they  sustain  tlie  necessary  test  of  rigid  sorutiny,  are 
welcomed,  and  not,  as  of  old,  frowned  away.  The  department  acts 
under  the  conviction  that  to  thrive  it  must  keep  ahead  of  rivals — that 
it  must  dlscRrd  the  confidence  heretofore  placed  in  lejgal  |»ohtbitioM^ 
end  seek  coutiuuiiuce  of  suooeas  only  by  deserving  it. 

[M.  D.  B.] 


G£K£BAL  MONTHJUX  M££TI]»G, 

Monday,  April  7,  1862. 

WoxxAM  Pole,  Esq.  F.R.S.  Treasurer  and  Vice-President, 

in  the  Chair. 

Alfred  Denison,  Esq. 

Alexander  Staveley  Hill,  Esq.  D.CJU 

William  Martin,  Esq. 

Daniel  George  Hees,  Esq. 

Augustus  Thome,  Esq.  F.R.G.S. 

John  Tyndall,  Esq.  F.R.S.  Prof.  Nat.  PhU.  lU. 

wiere  likeud  Members  of  the  Royal  Institution. 

Jonathan  Sparrow  Crowley,  Esq. 
Major-General  Charles  James  (Jreen. 
Rev.  George  MuBgrave  MusgravCi  A.M. 
A.  a  Brisbane  Neill,  M.D. 
Sir  Jodiua  Rowe,  C.B. 
Edward  Henry  Sieveking, 

were  admitted  Members  of  the  Royal  Institution. 

The  PEMgHTB  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  tfaanlcs  of  the  Memiters  returned  for  tlie  same :  viz. — 

From 

AftU'irir^,  Tnntitvfc  r/— A?;?nrnT]ce  >fagazine,  No.  47.  8vo. 
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AiiaHe  SodeN,  J^aful— JoumI,  Vol.  XTX  Fiit  8.  9fO,  IMfl 

Astronofntml  Societif^  Boycd — Monthly  Notices,  Ffetwoary  1862.  8to. 
BakewelU  E  C.  Esq.  (the  Author)-'On  the  Figure  of  the  Euth  in  Belatiaii  Co 

Centrifugal  Force.   (K  »8)    8vo.  1862. 
Bamnan  Academy^  Boyal'--S\iznngBbenchte ;  1861.    Band  II,    Heft  1,2.  8vo. 
£o!!nrrf,  Wm.  Estj.  (the  Transfnfnr] — Expedition  of  Pedro  de  Uimft  Mid  La|ie  de 

Aguirre  io  Search  of  £ldonida6  and  Oma^aa.   8vo.  1861. 
Odeetta  Ccncil  of  £!eiiiMlioii— Btpoit  on  PaUk  Iiiitnwtioii  b  BngaL  •vo^ 

1859-60. 

Chemical  SoeiV/y— Quarterly  Journal.  No.  59,    8vo,  1862, 

Cieil  Emrinfers'  /;<j>^7u^iait— ProceediuRS,  March  1862.  8to. 

£/(ior«— American  Journal  of  SeieiMS^  by  Bh  SillinuH^  9te,  §oe  Ifafdi  1869.  8voi. 

Artizau  for  March  1862.  4to. 

Athensum  for  March  1862.  4I(K 

Chemical  News  fyr  March  1869.  4to. 

Engineer  for  March  1862.  fol. 

Horological  JourHal,  No.  43,  44.    8vo.  1862. 

Journal  of  Gas-Lighting  for  March  1862.  4to. 

Mechanics'  Maga;<jn<  for  March  1862.  8vou 

Metlicai  Circular  for  March  1862.  8vo, 

Practical  Mechanics'  Journal  for  March  1862.  4to. 

Teelmologist  Ibr  Mareh  1888.  8vo. 
Faraday,  rnjesMor,  D.CL.  /vA'  S  -  Kail,  Akadtmio  der  WUmmd^gbta,  Wim 
Sitzuugsbcrichte,  1861.    5  Parta. 

Jahrbuch  der  K.  K.  Central-Anstalt  fur  Metcorologie  nud  ErdmagueUsmu. 
Band  VIII.   4to.  1861. 
Fnrhrr<.  Afrrnnder  C.  /T'^  —Memoir  (if  Sir  John  Forbes,  M.D.    8vo.  1862. 
irrankUn  iiutUiUtqf  FeujtgifliKUua^JoMrusif  Vol.  XLiV.    No8.  2,  3.    8vo.  1868, 
<M«7ieo7Sbmy/jMlia— MeamrL  Full.  8m  1861. 

Gould.  John,  FJtJS.  iOe  Aatkory—hxindnitdaa  to  the  Biidt  ef  Auetnlit. 
8m  1848. 

Introduction  to  the  Trochilidfc,  or  Family  of  Homming*Dirds,   8vo.  1861. 
Bottieakmral  Socielv,  Royal— Frotoe^ngB,  1862.    No6..3,  4.  8vo. 
Liunean  Society— SowraaX  of  Proceedings,  No.  22.   dvo.  1868. 

TraosactioDt,  Vol.  XXIII.    Part  2.   4to.  1861. 
Lod^t  John,  Emj.  {the  ilmAor)— Diaooreiiee  in  Centnt  Anetralia.  (K  88)  8vo. 

1862. 

Lubbock^  Johiff  E»q.  FM.S.  MM.  I. — Notes  on  the  Generative  Organs,  and  on  the 
Ef^  in  the  Ammloia.   (From  the  Phil.  Trans.  K.S.,  1862.)  4to. 

Maekie,  S,  J.  Esq,  F.G.S,  ((A«  EdUory—The  Geologist  for  March  1862.  8to. 

Madrid  Jioyal  Academf/ of  Scimces-^MemonUi  TomOiUl.  IV,  V.  4ta  1859-68. 
Resumen  de  las  Actas.    1853-9.  8vo. 

Marlhormt^,  The  Duke  of,  Af. /?./.— Catalogue  BaieomiA  of  the  Pietoree  in  BIcih 
heim  Palace,  with  Not  s  hy  O.  Srharf :  Part  1.    «^vo.  1862, 

Mechaaical  Eagimeert'  Jiuitiiitlivn,  Birmingham — Proce«diAgs,  Joljr,  Aug.  and  Nov. 
1861. 

Ifewioa,  ji/^Mr*.— London  Journal  (New  Series)  for  March  1861.  8vo. 

Nyiirom,  John  ^y  (  \  F.  (the  Author) — Project  of  a  New  S}  «^tem  of  Aritlunetiei  to 

be  called  'The  ioual  System.'   8to.    Philadelphia,  1862. 
PetermaitH,  A.  Etq,  (<Ae  AiiltBr)— Mittheilongen  ant  d«m  Gcaunmtmbiele  dor 

Geographic.    1862.    No.  }.    4 to. 
Philutklphia  Academy  of  JSatural  Hciencu — ProceediogS|  1861.  8vo. 
Photoaraphie  Society — Journal,  No.  119.   8vo.  1861. 
So^l  Society  of  LondoH-'Procecdiugs,  ^o,  47 .   8vo.  1860-1. 
ScTffpe,  G.  Poulett,  Emj.  M  P.  F.H.S,  (the  Atdhor)—\o)/smm  the  Character  of 

their  Phenomeuit,  i;c.    2nd  edition.    8vo.  1862. 
Statigticdl  Soviet)/-  JoMTua],  Vol.  XXV,    Part  1.    8vo.  1861. 
Treadwell,  D.  llaq.  (the  Aaihar)-^Oa  the  Conatnietioa  of  Improved  Ordaniee. 

(.K88)  8m  1862. 
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Vknbm  xnr  B^Merw^  dm  Qttcrrhfltigm  Ik  Pttwmn  VeriindlnngMi,  Nor.  wid 

Dec.  4to.  1861. 
Viuma,  Itqmial  Gtdogikal  /lu^iife— Jahrbocb,  1861-2.  8vo. 

Panell,  JohM,  Og.  MRL-^A  Bottle  ezcaTikted  near  Old  Loodoa  W»U,  Buiiightll- 

Street 


WEEKLY  EVENING  MEETING, 

Friday,  April  1862. 

JouK  P£T£tt  Gassiot,  Esq.  F.B.S.  Vice-Fresideiit,  iu  the  Chair. 

Dr.  A.  W.  Hofmann,  F.R.S.  Pres.  C.S. 
On  Mauve  and  Magenta* 

The  fact  of  the  beautiful  colouring  matters  known  by  these  fanciful 
terms  being  substances  derivrd  from  cottl,mnst,  I  presume,  be  fanu'lir^r 
to  every  one  of  you.  But  lliere  may  be  many  unacquainted  witii  the 
means  by  wliidi  tiiis  transfornmtion  is  accomplished.  It  is  to  them  vUat 
I  address  uiyself  this  evening. 

Coal  to  become  colour,  has  to  pass  throagh  a  series  of  stages  of 
tiansitioii,  each  of  which  daims  our  atteotioii  for  a  moment.  Briefly 
expressed,  the  aim  of  this  address  may  be  said  to  be,  to  show  you  the 
way  from  coal  to  rolonr.  Now  let  me  at  once  tell  you  this  way  is 
rather  lonj^ :  we  mwy  hnw  to  travel  over  country  rough  and  intri- 
cate, and  now  and  llieu  to  pass!  tlirough  territories  which — I  conf«'"<«4 
it  with  an  appeal  to  the  ladies  —  may  not,  periiajjs,  be  altogfilier 
remarkable  iur  their  fragrance  and  sweetness.  But  on  such  occasions 
we  shall  accelerate  oar  steps,  and,  on  the  whole,  I  venture  to  hope  that 
we  shall  arrive  at  oar  journey's  end  without  too  much  inconvemence. 

Colour  is  intimately  associated  with  light ;  without  light  there 
is  no  colour.  This  remarlc  applies  in  a  double  sense  to  the  colours 
derived  from  coal ;  for  it  is  to  the  introduction  of  gas-light  for 
illuminMtirir  ot;r  stroets  and  houses,  tlmt  we  are  indebted  for  the 
acquisition  ot  thest;  colours.  Tiiis  statement  may  appear  strange,  for 
nearly  half  a  century  has  elapsed  during  which  we  have  been  iu  the 
possession  of  gas,  whilst  the  transformation  of  coal  into  colourings 
matters  has  been  achieved  only  recently  under  our  own  eyes.  But  you 
will  immediately  appreciate  the  truth  of  my  assertion,  if  I  tell  you  that 
these  substances  are  obtained  from  a  secondary  product,  generated  in 
the  manufacture  of  gas,  a  product  long  used  for  a  variety  of  purposes, 
but  which,  only  within  the  last  few  years,  the  researches  of  chemists 
have  proved  to  be  an  inexhaustible  mine  of  wealth  and  interest. 

The  starting-point  then  for  the  production  of  Mauve  and  Mageuta, 
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is  the  manufacture  of  coal-gas ;  but  this  is  so  well  known  as  not  to 
need  any  detailed  description.  Let  me  brieBy  remind  you  of  ilie 
principal  features  of  the  distillation  of  coal,  by  directing  your 
attention  to  the  two  large  diagrams  representing  the  retort  house" 
and  the  ^  condensers''  of  a  gas-work.  Yon  obfienre  how  the  coal  is 
heated  In  stupendous  retorts,  five  or  seven  of  which  are  generally 
associated  in  one  furrtare.  Tho  ^ns  ascends  from  these  retorts  in 
vertical  tubes,  the  bent  ends  of  which  dip  into  a  large  horizontal  pipe, 
partly  filled  with  water,  called  the  hydiaidic  /nain,  a  considerable 
amount  of  the  oily  and  tarry  substances  generated  with  the  gas  being 
separated  by  the  water.  The  gas,  so  far  purified,  passes  on  through  the 
ooodensen — ^Immense  vertical  iron  pipes  constantly  cooled  by  a  cur- 
rent of  cold  water  which  surrounds  tlieir  external  sur&ce.  In  these 
condensers  an  additional  quantity  of  oily  matter  is  separated,  which, 
togetljer  with  the  oily  snbstnnoes  deposited  by  the  5jns  during  its  pas- 
sage through  the  hydraulic  main,  is  collected  in  apjiropriately  placed 
cisterns.  The  gas,  having  traversed  the  condensers,  passes  through 
a  series  of  further  purifications  before  it  is  delivered  into  the  mains  of 
our  streets ;  but  these,  unconnected  as  they  are  with  pur.  subject,  must 
no  longer  occupy  pur  attention. 

The  distillation  of  coal  bebg  the  fundamental  operation  in  the 
manufiietUTe  of  Mauve  and  Magenta,  it  is  but  fair  that  it  should  ^ 
not  remain  without  an  experimental  illustration.  In  this,  tubulated 
retort  of  hard  glass,  I  am  heating  lVai:iiients  of  coal.  The  beak  of 
the  retort  is  ins*  rtej  into  a  thrte-ni  <  kcd  jrlass  globe,  .the  lower 
neck  of  which  terminates  in  a  tube,  c<^innuuiicating  witli  a  glass  vessel 
for  the  collection  of  the  oily  products while  the  third  neck  is  pro- 
vided with  a  delivery-tube  for  the  discharge  d  the  gas,  whidi  finds  its 
way  into  a  glass  gas-holder.  The  coid  has  been  heated  only  for  a  few 
minutes,  and  the  gas  alrmdy  begins  to  be  freely  evolved  ;  already  I 
may  light  it  at  the  orifice  of  the  delivery-tube,  whir  h,  for  this  purpose, 
I  have  removed  from  the  gas-holder;  already  it  burns  with  the  cha- 
raeterisfie  luminous  flame  of  coal-gas.  In  the  meanwhile,  y(»H  o)>s(»rve, 
a  considerable  quantity  of  the  *'  oily  products"  has  accunuilate«l  in  ii»e 
receiver.  Their  formation  continues  as  long  as  the  gas  is  evolved. 
Ultimately  the  coal  is  entirely  resolved  into  ffos  and  oili/  products^  a 
non-volatOe  residue,  tiie  cokey  renuuDing  behind  in  the  retort. 

It  is  in  the  oily  products,  the  so-called  "  coal -far -oU,'^  that  our 
interest  is  centred.  To  my  mind  this  coal-tar-oil  *  is  one  of  the  most 
wonderful  productions  in  tlie  whole  range  of  chemistry.  That  may  be 
rather  a  one-sided  view,  but  having  in  younger  years  spent  much  time 
in  the  investigation  of  this  substance,  I  have  acquired  quite  an  affection 
for  it.  Nor  can  you  fail  to  appreciate  the  interest  which  coal-tar 
presents  to  the  chemist  when  yon  look  at  the  diagram  in  which  I  have 
endeavoured  to  arrange  synoptically  the  various  substances  which  have 
been  eliminated  £rom  it. 


*  A  hufgs  ipedmsa  of  oosl-tsr-cil  was  here  eihibltsd. 


Digitized  by  Google 


470  J}r.  A.  W.  Mf^matm  [Aphl  II, 


PRODUCTS  OF  THE  DESTRUCTIVE  DISTILLATION  OF  COAL. 


Name. 

Formula. 

Boiling 
PoinU. 

Marsh  ffM,  or  FlTdride  of  metbYl . 

H  H 

CH3,  H 
C9  H,3^  H 

Cb  H 

Cjo  Hti,  H 

Olefiant  gas,  or  Ethylene    .    .  • 
Propylene,  or  Tetrylene     •    .  . 
Caproyleiie,  or  Hexylene    .    .  . 
CEioanUiTleiie.  or  Heotvleiie    •  . 

C.  H, 
C,  H. 

0.  H..(?) 

C,  11. 

lie          •  • 

0.  H, 

Cy  Hg     .  . 

C9  H^j    «  . 
C|9  Um     •  • 

84* 

114* 

1 9^® 
1  zo 

loO" 

Ho 

•  • 

Paraoaphtalin,  or  Aothracen  .  . 

C*«  H,  (?) 

Cm  H4 
(?) 

HI 
H 

0  •  . 

100- 

H 
H 

8 

Hydrosulphoeyanie  add     .   .  • 

H 

(CN)j 

S 

Distil phide  of  carbon     .    •    •  • 
Sulphurous  anhydride    .    •    •  • 

CO 

CO. 

OS, 

so. 

47* 

(C.H.0)}^ 

Pheojlic  acid,  or  alcohol,  Phmol 

(C.H,)  Y 

188* 
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PaooGOTS  oy  thb  Dmrocnvs  DnmuiTioii  or  Qm  cmiimMd, 


Formulflu 

Pioiling 
Points. 

Cresylic  acid^  or  alcohol^  Cresol  . 
PMofylie  acid,  or  aleohol,  PUofol 

"  io 

203** 

(?) 

Hj 

H  In  . 

H  1 

(C,  H..)'"N  . 

(0,  ir^y'N  . 

(CV  H,  )"'N  . 

rc.H„rN  . 

(C,.H.,rN  . 

115- 
134' 
154- 

188»  ' 

211* 

230° 
261* 

ChuMUne,  or  Leucoline «  ,   •  , 

C,  H,N   .  . 

Cu  HuN 

235* 
260- 

HCN 

Thb  is  rather  a  formidable  list  of  compooDds ;  their  names,  too, 
are  not  always  remarkable  for  smoothnen  and  mdodious  character, 
although,  I  should  not  omit  to  state^  thejr  are  tame  and  domestic 
when  compared  with  some  of  the  terms  which  chemists  of  late  have 

been  under  the  painful  necessity  of  inventinpj  and  inflicting.  You 
need  not  hp  nfmid,  h(3wever,  thnt  I  shall  trouble  von  with  many 
details  about  iIk  >e  substances.  Most  of  them,  though  highly  ititerest- 
-  ing  for  more  than  one  reason,  more  especially  when  considered  from  a 
purely  scientific  point  of  view,  are  of  no  importance  for  our  present 
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subjeety  and  need  not  therefore  specially  be  iiotieed.  In  feet,  the  only 
ooal-deiivativeB  which,  in  connection  with  Mauve  and  Magenta,  claim 
our  attentioD,  are  B^tgol,  Phenol^  and  Aniline ;  those  certainly  we 

must  by-and-by  examine  somewhat  more  in  detail. 

But  before  doini?  so,  you  legitimately  expect  that  I  should  endea- 
vour to  give  you  some  idea  of  the  nature  of  the  process,  in  which  this 
endless  variety  of  com^iounds  is  generated  from  coal.  Were  I 
to  tell  you  simply  that  coal  donrists  of  Carbon^  Hydrogen^  NUrogen, 
Oxygen^  and  Stdpkur^  not  to  mention  the  ash  which  is  left  after  combus- 
tion, and  that  you  may  thereft>re  IooIl  upon  coal  as  a  sort  of  magazine 
of  these  seveml  elements,  capable^  under  the  influence  of  heat,  of 
associating'  in  an  itifitilty  of  forms  and  proportions,  you  would  have 
leanit  comparatively  little.  Let  me  attempt  to  convey  to  you  a  some- 
what more  precise  idea  of  the  ])rocesses  involved  in  tlie  ili^til laiiun  of 
coui.  For  this  purpose  you  must  allow  me  to  remind  you  of  some  of 
the  general  results  elaborated  by  the  researches  of  chemists  during 
the  last  ten  years,  which,  at  the  first  glance,  appear  but  little  connected 
with  Mauve  aod  Magenta. 

The  infinite  number  of  substances,  mineral,  vegetal,  jor  animal, 
which  form  our  planet,  variously  as  they  are  composed,  may  be  re- 
ferred,— chemists  now  pretty  generally  agree, — to  a  comparatively 
small  number  of  ti/ju's  of  consf ruction.  Opinions  are  divideti  respect- 
ing the  actual  number  of  these  types,  and  even  the  choice  of  typical 
bodies  is  still  a  subject  of  discussion  among  chemists.  But  whatever 
the  special  views  of  particular  schools  may  be,  the  number  of  types  is 
always  small,  and  among  them  almost  invariably  figure  Hydrogm^ 
Watery  and  Ammonia,  The  comprehension  of  the  meaning  attached 
by  chemists  to  the  term  ti/pes  may  perhaps  be  facilitated  to  you  by 
a  glance  at  tliree  models  which  T  have  Inul  coiistmctf^d  for  this  pur- 
pose, and  which  for  the  sake  of  cooveuieuce  1  may  be  allowed  to  • 
designate  as  ff/pe-monlfh* 

Chemists  assume  that  the  smallest  particle  of  hydrogen,  which 


♦  These  type-moulds  consisted  essentially  of  wire  fVnme«,  presenting  th*-  ont 
lines  of  cubes,  associated,  two,  three,  or  four  of  them,  io  the  manner  indicated 
in  the  dii^ram 

□  ■ 

□  □ 

— '  m 

and  capa^  lo  of  receiving  zinc-cnbes  vsrlonsly  piuiited  and  marked,  repveteiitiiig 

eltiiueutary  and  compound  atoms. 
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exists  in  the  free  state,  or,  to  use  the  chemical  phrase,  the  molecule  of 
hydrogen,  consists  of  two  atoms  of  hydrogen.  The  first  of  our  type- 
moulds  then,  charged  as  it  is  with  one  atom  (one  volume)  of  hydrogen, 
associated  with  anotker  atom  (one  volume)  of  hydrogen,  represents  the 
moleeuie  of  hudrogem*         i  , 

B 


H 


In  water,  atyoo  know,  we  have  two  atoms  (two  volumes)  of  hydrogen, 
associated  with  one  atom  (one  volume)  of  oxygen.*  You  are  reminded 
of  this  fact  by  our  Beeond  type-moald,  which  represents  the  moleeuie  qf 
wcUer,  I  I 

B  - 

1  o 


In  ammonia,  lastly,  yoa  have  three  atoms  ^three  volumes)  of  hy- 
drogen, united  with  one  atom  (one  volume)  of  nitrogen,  a  form  of  oon- 
stmction  which  is  recorded  in  our  third  type-mould  representing  the 
moleeulef^  4i$ninonui» 


□ 


N 


Nothing  is  easier  now  than  to  traoe  the  derivation  of  other  substances 
from  hydrogen,  ftom  water,  from  ammonia.  Let  me  remove  from  our 
three  type-moulds  one  atom  respectively  of  hydrogen,  oxygen,  and 

nitrogen,  and  fill  the  places  thus  vacated  with  atoms  of  chlorine, 
sulphur,  and  phosphnrn<?,  and  I  have,  without  giving  you  thp  slightest 
ITU  oii\  cnience,  converted  hydrogen  into  hydrochloric  acid^  water  into 
sidphurettedj  and  ammonia  into  phosjtlwretUd  hydrogen. 


H 


CI 


II 


E  □ 


H 


•  Bquivaknts  used:  H<-l ;  S^SS;  C*t9;  N«tl4;  CI»S3<S  :  fte. 

VoL.m.   (No.d6w)  2  k 
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You  observe  the  molecules  of  hydrochloric  acid,  oiisulphuretted  and 
of  phosphoretted  h^'drogeu  respectively  contain  the  same  number  of 
atoms  whidi  are  present  in  the  molequlet  of  hydrogen,  of  water,  and  of 
ammonia.  We  have  thus  indicated  that  hydrochloric  add  is  oon^ 
stnieted  npon  the  hydrogen-type,  sulphuretted  hydrogen  upon  the 
water-type,  pTiosphoretted  hydrogen,  lastly,  upon  the  type  of  ammonia. 
The  t)>reo  liodies  just  considered  were  formed  by  tlie  insertion  of  ele- 
mentary  atoms  ;  but  our  type-moulds  receive  compound  atoms  with 
the  same  facility.  Let  me  take  as  an  illustration  the  couj pound  atom 
cthi/l^  consisting  of  two  atum:>  of  carbon  aud  five  of  hydrogen, 
(C,  £),  which  is  &mifiar  to  the  memben  of  the  Royal  Insd- 
tntion.  By  inserting  <me  or  two  ethyl-atoms  into  tl^  hydrcwen- 
mould  I  generate  the  moleeales  of  etkghtal  kifdrogeHf%t  tihjfEued 
ethyl  (fiee  ethyl). 


E 


E 


In  a  similar  manner,  by  introducing  either  one  or  two  ethyl-atoms 
into  iiater,  I  convert  the  molecule  of  water  into  the  molecules  of  the 
two  ethylated  waters^  akohd  and  ether. 


0 


O 


Displace,  lastly,  one^  (wo,  or  three  hydrogen-atoms  in  ammonia,  by 
oncf  iwuf  or  three  ethyl-atoms,  and  you  give  rise  to  the  formation  of 
the  moleenles  of  the  tinree  ethyhUed  ammoniaa, 


N 


B 

BB  B 


N 


B 


B 


better  known  ms  <  ihylaimne,  dteihyiauiine^  and  triethylamine. 

At  the  ribli  of  exhausting  your  patience,  I  repeat  some  of  these 
ciiauges  with  another  compound  atom  of  a  composition  differing  from 
that  of  ethyl.  Theie  mauve-coloured  cubes  may  represent  a  com- 
pound  atom,  containing  six  atoms  of  carbon  and  five  of  hydrogen 
(C)  H»«»  Ph)»  to  which  chemists  have  given  the  name  of  juAcsyi. 
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Charge  each  of  our  type-m(nild<^  with  an  atom  of  phenyl,  and  you 
accomplish  the  construction  of  phenyUUed  hydrogen^  phenylaled 
water,  and  phenylated  ammonia, 


Ph 


Ph 


H 


O 


substances  better  known  as  benzol^  phenol,  and  aniline ;^  and  the 
existence  of  which  in  coal-tar-oil  T  !iave  already  pointefl  out  to  yon. 

But  it  is  time  for  us  to  return  to  tlu*  ]H)itit  from  which  we  started. 
What  has  tlie  recognition  ofour  tyj>es  tu  do  \\\\\\  the  distiiiation  of  coal? 
In  wiiat  manner  do  they  explaiu  the  foruiaiiou  of  the  variety  of  sub- 
stanees  generated  in  this  process.  In  cool  we  have  the  elements  of  the 
thvee  types  of  matter,  and  we  find  that  hydrogen,  water,  and  ammonia 
are  in  fiict  produced  to  a  very  appreciable  extent  daring  its  distillation. 
The  quantity  of  free  hydrogen  is  generally  small ;  moreover,  mixed  as 
it  is  with  the  carbotietted  hydroj^ens  of  coal  gas,  its  presence  among  the 
products  of  distillation  of  ronl  is  not  ra'jilv  demonstrated  by  experi- 
ment Water  and  ammonia,  nti  tin  hiIk  r  hand,  are  abundantly  gene- 
rated, arid  nothing  is  easier  than  to  exlnbit  their  production.  In  fact, 
the  coal-tar-oil  which  we  have  produced  in  our  distillation-experi- 
ment, is  corered,  as  yoo  observe,  with  a  layer  of  water,  and  the  appli- 
cation of  test-papers'to  the  latter  shows  that  it  contains  a  large  amount 
of  ammonia.  Now  consider  that  our  types  are  generated  from  coal 
in  the  presence  of  large  quantities  of  carbon  and  hydrogen,  two  ele- 
ments which,  in  ]iroportion»5  varying  to  an  almost  unlimited  extent, 
may  aggregate  under  the  iniliiesice  of  heat  to  conipoiuid  atoms  similar 
to  ethyl  arid  phenyl  ;  remember,  moreover,  that  these  atoms  are 
capable  of  displacing,  partly  or  entirely,  the  hydrogen  of  our  types, 
and  you  will  realize  without  difficulty  the  number  of  compounds  which 
may  lie  formed  by  the  distillation  of  coal ;  I  say  which  may  be  formed, 
for  the  diagram  wliich  I  have  exhibited  to  you  enumerates  only  the 
bodies  which  have  actually  been  obtained  ;  but  every  day  brings  forth 
new  substance?.  It  is  obvious  that  the  nature  of  the  compound  atoms 
generated  I^u^t.  in  a  measure,  depentl  upon  the  composition  of  tlie  coal 
distilled.  J  in'  <  oni])n-!tion  of  coal,  however,  varies  between  very 
considerable  limits.  In  ilic  subjoined  diagram  I  give  you  a  hynopsis 
of  the  results  obtained  in  the  analysis  of  several  specimens  of  coal. 


fluee  sabstsnecs  were  exhibited  npon  the  table. 
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ANALYSIS  OF  DIFFERENT  COALS. 


lOft  PARIS  OF  DKT  COAL 


Oootain 


Loadl^ofOoiL 


AuUiraciie,  Wales 


Cakinff  Coal,  Newcastle 
CanneT  Coal»  Wigaa  . 
Coal,  WoWeriuunpton  . 

Wallseod,  Elgin  .    .  . 

"Nf  Fl^'lcn'j!,  Lancashire 
Methiii  Brown  Coal  . 

Bohemian  Jirown  Coni  . 


^ 

Carbon. 

i 

1 

Nitrogen.  ^ 

Salpbtxr. 

4 
< 

1 

91-44 

3-36 

0-21 

0-79 

2  58 

1-52 

92-20 

90*39 

8-S8 

0*88 

0-91 

«*97 

1-61 

9S'I0 

81-41 

6*83 

2-05 

0-75 

7-90 

2-07 

C6-70 

SCO? 

5*53 

2-12 

I-5U 

809 

2-70 

60-36 

78-57 

5*29 

'  1-84 

0-39 

12-88 

10-30 

57-21 

76-09 

5-22 

1-41 

1-53 

f)-05 

10-70 

5S-40 

75-80 

5-21 

1-92  ) 

0-9l) 

11-89 

5-17 

65  50 

65-96 

7-78 

0*96 

0-75 

9-23 

15-32 

5'':' 9 

4-16 

1  [1-06 

•21-19 

Leave 


A  glance  at  this  diagram  shows  you  that  the  carbon  in  the  several 
flpecimens  Turies  by  more  than  80  per  cent,  being  91*4  in  Welsh  anthra- 
cite and  65*5  in  Boheouan  brown  ooal.   Siqiilar,  thoush  lev  marked, 

discrepancies  are  perceptible  in  the  otlier  eonstitaente.  l£  you  recollect, 
in  addition,  ttiat  the  nature  of  the  compound  atoms  generated  in  the 
distillation  of  coal  must  be  influenced,  moreover,  by  the  tenij>enit!irp, 
which  again  oscillntes  between  limits  widely  apart,  you  cannot  tail  to 
))erceive  that  the  destructive  distillation  of  coal  must  be  an  almost 
iuexhauiitible  source  of  new  compounds. 

The  separation  of  the  indindual  snbstanoes  from  the  oomplez  miz- 
tnre  called  ood-tar-oil  appears,  at  tlie  first  glance,  to  present  almost 
insttrmountable  obstacles.  But  the  principles  made  nee  of  for  this  pur- 
pose are  very  simple.  The  individual  compounds  contained  in  coal-tar- 
oil  may  be  separarod  in  a  {^eat  measure  by  distillation,  tlieir  boiling 
points  varying,  as  may  be  seen  by  a  glance  at  the  diagram,  to  a  con- 
siderable extent,  lint  additional  means  of  jnirification  offer  themselves 
in  the  ditierent  deportment  which  these  substances  cxinbit  under  the 
influence  of  cfaemiisal  agents.  I  could  not  perhaps,  in  this  respect, 
bring  under  your  notice  a  more  instmctive  fllustmtion  than  the 
behaviour  with  acids  and  bases  of  the  three  coel-tar-oil^nstitnents, 
repeatedly  quoted.  Benzol,  phenol,  and  aniline  may  thus  easily  be 
separated.  To  dcmonstrntc  this  point  experimentally,  two  glass 
cylinders  have  been  half-hlied  with  benzol,  two  others  with  phenol, 
and  two  fnriher  ones  with  aniline  :  a  solution  of  litnms;  liaving, 
moreover,  been  added,  each  of  the  tliree  substances  is  treated  in  one 
cylinder  with  acid,  in  the  other  with  alkali.  In  the  case  of  benzol, 
you  observe,  the  indifibrent  hydrocarbon,  insoluble  both  in  add  and 
alkali,  floating  colourless  upon  the  coloured  liquid  ;  phenol,  being  an 
add  water-derivative,  is  not  acted  upon  by  the  acid,  but  readily  dis- 
solves in  the  allutU ;  aniline,  lastly,  being  a  well-defined  ammonia- 


Digitized  by  Google 


1862] 


<m  Mauvt  and  Magenia» 


477 


derivative,  exhibits  the  convene  deportment,  resisting  the  action  of 

Uie  alkali  and  forming  a  lu>TTio<Tpnpons  solution  v,-\x\i  the  acid. 

Efich  of  the  tiiree  coal-tar-oii-coiistituents  wlii<  h  I  have  mentioned, 
and  of  which  yon  have  characteristic  specimens  upon  the  lecture-tahle, 
has  received  important  applications  in  the  arts  and  manufiiciuroji. 
Benzol  is  the  most  convenient  solvent  for  caoutchouc ;  as  an  agent  fur 
removing  oil  and  grease  it  has  become  an  oidinanr  household  article ; 
phenol,  when  treated  with  nitric  acid,  yields  us  a  beautiful  yellow  dye, 
called  by  chemists  carbazotic  acid  ;  bat  the  practical  interest  attached  to 
phenol  you  will  more  immediately  appreciate  If  I  tell  you  that  this  com- 
pound presents  the  nrt  ntcst  analogy  witli  creosote,  a  stih'itMiice.  1  am 
afraid,  but  too  well  known  to  most  of  us,— a  considerabl*'  [ortion  of 
the  creosote  of  commerce  being  in  fact  simply  phenol;  aniline,  lastly, 
is  the  source  of  Mauve  and  Magenta,  and  must  therefore  claim  our 
attentioo  more  particalarly  this  evening. 

The  amonnt  of  aniline  which  exists  in  coal-tar  is  veiy  limited;  a 
preparation  from  this  source  upon  a  sufficiently  large  scale  could 
never  be  attempted.  Fortunately,  chemists  arc  in  the  possession  of  a 
series  of  processr-s  by  which  aniline  may  be  produced  in  any  quantity. 
Benzol,  the  })henylated  hydrogen,  may  readily  be  converted  into 
aniline,  the  phenylated  ammonia.  Let  us  examine  this  transformation 
experimentally. 

Benxol  is  readily  attacked  by  fuming  nitric  acid ;  it  dissolve!  in  it» 
producing  a  liquid  of  a  deep-red  colour.   On  addition  of  water  this 

liquid  deposits  a  heavy  yellow  oil,  collecting  at  the  bottom  of  the 
cylinder,  perfectly  different  from  benzol,  which  floats  on  the  surface  of 

the  water.  The  reaction  will  be  intelligible  to  yon,  if  T  remind  von 
that  nitric  acid  when  referred  to  our  types,  must  be  viewed  as  a  water- 
derivauve  ;  it  is  water  in  wliicii,  lor  one  of  the  elementary  hydrogen- 
atoms,  there  ha<i  been  substituted  a  compound  atom,  cousi&iiugof  nitro- 
gen and  oxygen. 

Water.  Nitric  Add. 


Modern  chemistry,  you  observe,  returns  to  the  conceptions  of  former 
ages,  wMeh  in  the  name  aqua  fortis  appear  to  have  anticipated  in  a 
measure  our  present  notions. 

When  nitric  neid  acts  on  benzol,  an  interchanfre  takes  place  be- 
tween the  elemeutary  atom  of  the  latter  and  the  compound  atom  oi  the 
former,  nihtibenzol^  the  heavy  yellow  liquid,  which  we  have  produced, 
and  water  being  fomed : — 

Bensol.      Nitric  Add.  Nitrobenzol.  Water. 

(C.H,)ii  +  ^h"}o  =  (c.n.)(isu,)  +  h[o 
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The  transformation  of  beinol  into  oitrobeniol,  duoovered  by  MiU 
Eclierllch,  is  only  a  prepaiatory  operation  for  the  production  of  aniline. 
The  method  of  converting  nitrobenzol  into  nrnline  was  discovered  by 
Zinin.  It  consists  in  submitting  nitrobenzol  to  the  action  of  n;i-f  c'nt 
hydrogen.  Under  the  influence  of  this  agent,  tlie  conipound  atom 
K  0%,  which  in  uitrubt'iizui  is  associated  with  phenyl,  is  decomposed; 
its  oxygen  »  oonveited  into  water,  the  midue  of  nitrtwen  and  jihenyl 
asdmilating  the  necessary  quantity  of  hydrogen  to  form  phenylated 
ammonia^  or  aniline, 

NitrDbeMol.  Hydrogen.  Water.  Amiine. 

(C.H,)1^00  +  HH+HH  +  HH  =  ^|o+ 'h 

The  hydrogen  necessary  for  this  transformation  may  be  furnished 

by  numerous  processes.  The  most  convenient  niethod  for  onr  ]>ur- 
pose  consists  in  submitting  nitroben/ol  to  the  action  of  metallic  iron 
and  acetic  acid,  a  process  first  propo&ed  by  M.  Be'champ.  I  mix  the 
three  bodies  in  a  glass  retort,  and  on  application  of  a  gentle  heat 
you  observe  how  immediately  a  most  powerful  reaction  manifests 
itself.  Let  us  liasten  to  connect  the  retort  with  a  condenser ;  I  have 
removed  the  gas-humer  from  the  retort;  nevertheless  the  reaction 
continues,  and  a  considerable  quantity  of  water,  covering  an  oily  layer^ 
has  already  accumulated  in  the  receiver.  This  oily  liquid  is  aniline. 
We  recognize  it  at  once  by  its  peculiar  deportment  >vitli  a  stilntion  of 
chloride  of  lime.  On  pouring  a  single  drop  of  our  distillate  into 
this  beaker  which  contains  a  solution  of  chloride  of  lime,  a  splendid 
purple  cloud  is  almost  instantaneously  diffused  throughout  the  liquid. 
Yon  perceive  we  are  approaching  our  subject  The  beautiful  colour 
which  aniline  strikes  witli  a  solution  of  chloride  of  lime  has  lieen  long 
known.  A  solution  of  bleaching  powder  has  always  been  used  as  a 
test  for  aniline  ;  indeed  It  was  by  this  colour-reaction  that  the  presence 
of  our  corapouiid  in  eoal-far-oil  was  first  pointed  out,  a  fact  rec  orded 
in  the  name  Kyanol  (l)lue  oil),  originally  given  to  aniline  prepared 
from  coal-tar.  Several  other  oxidizing  agents,  chromic  acid  for  in- 
stance, were  likewise  known  to  produce  coloured  compounds  from 
aniline ;  but  all  the  colours  thus  obtained  were  of  an  highly  ephemeral 
character.  Observe  how  the  purple  cloud  which  I  produced  by 
means  of  chloride  of  lime  has  rapidly  changed  to  a  dingy  reddish 
precipitate.  It  was  Mr.  "NY.  Perkin  who  h'ad  first  the  happy  idea 
of  investigating  the  circumstances  under  which  this  beautiful  purple 
might  be  prepared  in  a  form  {>ermanent  and  applicable  for  the  pur- 
poses of  the  dyer.  He  succeeded  in  isolating  this  colour  by  submit- 
ting, under  appropriately  selected  circumstances,  aniline  to  the  action 
of  bichromate  of  potassium  and  sulphuric  acid. 

Here  then  you  have,  step  by  step,  the  development  of  this  new  and 
important  branch  of  chemiiml  industi^. 

Through  the  kindness  of  my  friend,  IMr.  Perkin,  T  am  enabled  to 
exhibit  to  you  magnificent  specimens  of  his  aniline  purple,  or  Mauve, 
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in  the  dry  state  and  in  solution.  This  brown  lump,  with  the  remark- 
able coppery  lustre,  is  Maave  in  the  sdid  state ;  its  extraordinafy 
tinetonal  powers  will  be  appreeiated,  if  I  tell  yoa  that  this  beautiful 

▼iolet-(K>Ioured  solution  contains  not  more  than  -Ar  of  a  grain  of  Mauve 
in  one  gallon  of  alcohol  ;  yon  will  also  understand  the  considerable 
cominercial  valne  of  this  sub^^tance.  Weight  for  weight,  I  am  tuld  by 
>rr.  Perk  in,  this  colouring  matter,  when  pure,  is  sold  at  the  price  of 
metallic  platinum. 

Very  little  is  known  re^rding  the  chemical  nature  of  Mauve  ;  its 
composition  is  not  yet  made  oat,  and  as  a  matter  of  course  the  process 
by  which  it  is  formed  firom  aniline  remains  as  yet  peiftctly  unex- 
plained. 

Magenta  is  one  of  the  fancy  nnmps  jrivon  to  the  splendid  crimson, 
which  is  likewise  generate  d  trom  aniline  ity  the  action  of  oxidizing 
agents.  This  subsUince  was  hrst  obstTved  iu  purely  scientific  researches, 
and  more  especially  in  the  action  of  tetrachloride  of  carbon  upon 
aniline.  To  a  French  chemist,  H.  Yerguin,  the  merit  is  due  of  having 
for  the  fifst  time  obtained  this  substance  on  a  larger  scale ;  he  pro* 
duced  it  by  the  action  of  tetrachloride  of  tin  on  aniline.  '  Numerous 
other  processes  were  subsequently  suggested,  among  which  treatment 
of  aniline  with  chloride  or  nitrate  of  mercury,  with  arsenic  acid,  and 
nmny  otlicr  siibstnncps  inay  be  mentioned.  Magenta,  often  called 
fuchsiue,  roseine,  tVc,  soon  became  an  article  of  large  consumption. 
A  great  impetus  to  this  new  branch  of  industry  was  given  iu  France 
by  Messrs.  lienard  and  Franc,  who  were  the  first  to  manu&cture  the 
new  artide  on  a  commercial  scale ;  in  this  country,  Tery  soon  after- 
wards, Messn.  Simpson,  Maule,  and  Nicholson  engaged  with  great 
spirit  in  the  manufacture  of  t!i is  splendid  dye,  the  production  of  which 
has  att^iined  already  colossal  proportions.  To  Mr.  E.  C.  Nicholson 
more  especially  belonfrs  tbp  credit  of  having  developed  this  new  in- 
dustry to  an  unprecedented  degree  of  perfection.  ' 

Before  proceeding,  however,  let  me  show  you  the  formation  of 
Magenta  by  experiment.  Among  the  maiiy  processes  which  1  might 
adopt  for  this  purpose  I  select  the  action  of  corrosive  sublimate  upon 
aniline,  not  because  I  consider  this  process  superior  to  the  others, — it 
18^  in  fact,  inferior  to  many, — but  because  it  is,  perhaps,  the  best 
adapted  for  a  lecture-experiment.  This  white  powder  is  chloride  of 
mercury  (corrosive  sublimate);  a  small  portion  of  this  salt  T  mix  h\  a 
test-tube  with  ])erfectly  colourless  aniline.  Let  us  stir  the  mixture 
with  a  glasjj  rod  uutil  it  is  converted  into  a  perfectly  homogeneous 
liquid  paste.  This  paste  is  still  colourless;  but  on  gently  heating  it  by 
a  gas-burner,  it  instantaneously  assumes  a  splendid  crimson  of  the 
greatest  intensity,  a  sin^e  drop  of  the  liquid  being  capable  of  de^ly 
colouring  a  large  beaker  filled  with  alcohol. 

In  all  the  processes  which  convert  aniline  into  colouring  matters, 
a  considprable  immVier  of  secondary  products  are  generated,  which  it  is 
rather  diificnlt  to  separate  from  the  principal  product  of  the  rea^'tion. 
These  dithculties  have  been  most  perfectly  overcome  by  Mr.  Nicholson, 
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who  has  suooeeded  in  obtaining  Magenta  in  a  stale  of  absolute  puri^. 
Chemists  luve  thus  been  enabled  to  ansJyie  this  subBtanoe,  and  to  lin, 
at  all  events,  the  corner  of  the  veil  which  still  covers  tlie  mysterious 

formation  of  the  coloured  derivatives  of  aniline. 

In  the  pnr<'  state  ^FM^rPTita  is  a  fine  cry^tfilline,  and,  remarkably 
enough,  perfectly  (olourli^^or  only  slightly  tiuted  body,  which  is  repre- 
»«iiit'd      tiie  lormula  — 

C„  IT,.  N3  O  =  C„  H„  N„  O. 

Rosaniline  (this  is  the  name  by  which  cliomist-^  designate  the 
colonr]f><s  l)o(l\ )  is  a  base,  or  ammonia-derivative,  winch  forms  a  series 
of  spk  iidid  salts.  AVith  h^  druchloric  acid,  for  instance,  it  produces  a 
beautifully  crystalline  salt  of  the  formula-— 

C«  n„  N.,  II  CI. 

It  is  in  the  state  of  saline  porabination  that  rosanilTne  acts  as  a 
crimson  dye.  Into  this  sliallow  porcelain  disli  I  have  thrown  a  few 
crystals  of  rosaniline,  whicli  at  a  distance  you  scarcely  perceive; 
I  now  pour  upon  these  crystals  a  small  quantity  of  acetic  acid, 
when  on  gently  beating  the  dish  the  crimson  colour  instantaneously 
appears.  But  it  is  only  tn  galuihn  tluA  even  the  salts  of  rosaniltne 
are  crimson-coloured ;  on  slowly  cvaporatmg  their  solution,  the  red 
colour  entirely  vanukes^  and  a  splendid  green  crystaUine  substance 
remains,  presenting  in  an  extraordinary  manner  the  beautiful  metal- 
lustre  whicli  distinguishes  tlie  wings  of  the  rose-l>eetle.  Together 
with  ail  the  products  involved  in  the  manufacture  of  aniline  and 
aniline-dyes,  my  friend  Mr.  IS  icholson  has  placed  before  you  the  finest 
series  of  rosantHne-salts  wldch  has  ever  been  produced ;  and  not  con- 
tent with  this  display,  he  was  lund  enough  to  send  us  a  specimen  of 
acetate  of  rosaniline,  such  as  no  mortal  eye  has  ever  seen  before. 
The  specimen  may  l>e  lit  rally  called  the  Crown  of  Magenia^*  Crowns 
are  alwa^n  eypensivo  articles,  and  oflen  are  the  cost  and  trouhle  of 
gettinj:  tliinn  greater  than  their  actual  value.  This  remark  applies  in 
a  measure  to  the  Crown  of  INIagenta.  For  the  benefit  of  those  u  ho  are 
fond  of  big  figures — and  who  is  not  a  little  afllicteil  with  tlii-*  weak- 
ness?— X  may  state  that  the  crown  was  grown  in  a  vessel  containing 
not  less  than  80001.  worth  of  Magenta,  tiie  crown  itself  being  worth 
upwanis  of  100/. 

Having  now  explained  the  several  stages  of  transition  through 
whicli  coal  ha>«  to  pas?  before  it  becomes  either  Mauve  or  Magenta,  it 
ni:iy  be  of  some  interest  to  you  to  know  the  proportion  wliich  liie 
finished  dye  bears  to  the  coal  from  wliich  it  is  derived.  A  set  of 
specimens  for  wltich  I  am  lilcewise  indebted  to  Mr.  I*<iicholsou,  is  most 
instnietive  in  this  respect.  Observe,  it  commences  with  a  large  maas 
of  coal,  weighing  not  less  than  100  lbs. ;  the  bottles  which  follow 
contain  the  coal-tar-oil,  naphtha,  benzol,  nitrobeozol,  and  aniline, 


♦  An  immcns''  aggre^te  of  sparkling  gre<  n  <  -tMinHlral  crystals,— ?om*>  of 
thetn  m  much  us  uti  inch  lu  diameter, — deposited  upuu  a  iarg«  wire  frauit:  iiuviug 
the  sbsfe  of  an  elegant  crown,  was  eauubitsd. 
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obtainable  in  succmion  from  100  lbs.  of  coal ;  remark  how  tlicy 
gradually  dimiokh  in  rize,  and  hotr  small,  I  might  almcMt  say  insig- 
nificant, appeals  tlie  bullc  of  Magenta  finally  obtained.  But  compare 
the  bulk  of  wool  which  this  minute  quantity  will  dye.  It  approximates 
to  the  bulk  of  coal  with  which  we  started.  This  comparison  evinces 
perhaps  siifficiently  the  extraordinary  tinctorial  power  which  this  class 
of  dyi's  possesses  ;  but  a  very  simple  experiment  may  possibly  convey  to 
you  this  idea  even  in  a  niore  impres^ive  manner.  The  white  paper 
which  covers  this  large  fiauie  has  been  dusted  over  with  a  minute 
quantity  of  Mauve;  a  second  one  is  treated  in  a  similar  manner  with 
lilagenta.  The  quantity  of  colouring  matter  is  so  small,  that  the  paper 
has  retained  its  original  white  colour,  but  obsenre  how  it  changes, 
when  I  dash  a  beaker  full  of  spirit  against  thes^  squares  ;  immediately 
tlu>  Involy  purple  of  Mauve  is  developcKl  upon  one  of  them,  whilst 
the  other  one  exhibits  the  dazzling  crimson  of  ^^lafrenta. 

But  let  us  now  proceed  to  illustrate  the  mode  of  dyeing.  For 
this  purpose  I  introduce  silk  and  wool,  both  un0|lun  and  woven,  in 
succession,  into  solutions  of  Mauve,  of  Magenta,  and  lastly,  of  a 
splendid  new  Purple,  lately  discovered  by  Mr.  l^icholson.  Observe 
the  extraoniinary  facility  with  which  the  coal-tar-colours  are  fixed 
both  on  wool  and  silk.  These  materials  require  no  ^ircvious  prepara- 
tion, being  dyed,  in  fact,  simply  by  flijipiuL^.  without  the  aid  of  any 
mordant.  Silk  and  wool  are  animal  sub^ianecs ;  v<'<^etal  nuiteriuls,  such 
as  cotton  and  linen,  unless  previously  submitted  to  a  special  treat- 
ment, are  scarcely  affected  by  these  dyes.  I'his  fact  admits  of  being 
beautifully  illustrated  by  dyeing  linen  fabrics  on  which  ornaments 
have  been  embroidered  in  silk  ribbon.  The  articles^  wlien  coming  out 
of  the  bath,  appear  uniformly  dyed ;  but  by  washing,  first  in  pure 
water  and  tlien  in  dilute  ammonia,  the  colour  rapidly  vanishes  from 
the  iiiien  ground,  leaving  the  silk  embroidery  in  brilliant  colours. 
This  extraordinary  predilection  of  the  aniline-colours  for  animal  sub- 
stances Ls,  moreover,  strikingly  illustrated  by  the  condition  of  my 
hands,  which  by  this  time  have  acquired  a  thoroughly  Magentio 
appearance.  Fortunately,  the  coal-tar^lours  are  unable  to  resist  the 
action  of  cliloride  of  lime^  and  I  have  therefore  only  to  immerse  my 
hands  for  a  moment  into  a  solution  of  bleaching  powder. 

Already  tlie  colour  on  my  hand,  you  ob««erve,  has  gone,  bnt  with 
tlie  e(»1f»iir,  1  ;im  afraid,  my  time  too.  Let  me  endeavour  to  hrinn;- 
this  Itcture  to  a  e(»nclii>i(»n.  I  have  fulfilled  in  a  measure  tiie  pr(>iiii>e 
which  I  gave  you  ut  the  commencement  of  this  discourse.  We  liave 
crossed  together  the  extensive  field  which  stretches  between  cotd  and 
eolmtr,  I  am  impressed,  deeply  impreseed  with  the  clumsiness  of  my 
perfi>rmance  as  your  guide,  but  I  hope  that  the  interest  attached  to 
the  territory  we  have  explored  may,  to  some  extent  at  all  events,  have 
indemnified  you  for  the  imperfection  of  mv  explanations,  and  that  yf)n 
leavtf  the  Koyal  Institution  this  evenitig  witii  the  kind  of  feeling  every 
one  of  us  has  more  than  ouce  experier:ced  after  travellinLr  in  similar 
company  over  a  beautitui  country — the  guide  is  forgolleu,  but  the 

impression  of  the  scenery  remains. 
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Having  gone  thus  far,  you  may  tbink  that  it  is  fully  time  for  me  to 
make  my  bow.  But  T  venture,  even  at  tliis  late  hour,  to  dwell  for  a 
moment  on  tlie  moral  of  the  story  wliicli  I  have  told  you,  though  you 
may  feel  ilis}it)s.:  d  to  consider  tliis  story  rather  a  highly  coloured  one. 

The  material  which  I  had  to  condense,  I  might  almost  ^ay  to  forc^ 
into  the  short  space  of  an  hour,  has  been  OYnrwhelming ;  and  whibt 
explaiDing  the  ibnnatioii  of  tbe  various  tubttanoet  which  I  hail  to 
describe,  whilst  iUoetFating  their  properties  by  experiment,  I  have 
aeareely  had  time  to  glance  at  the  hittiMy  of  our  subject.  This  history 
is  not  without  interest.  Yon  readily  perceive  that  a  branch  of  industry 
like  the  one  I  have  endeavoured  to  sketcli  could  not  possibly  have  risen 
like  Minerva  from  the  head  of  Jupiter — a  sudden  inspiration  happily 
realiz(^.  The  time,  the  toil,  the  thought  of  a  host  of  inquirers  were 
necessary  to  acGoaoj^ish  so  remarkable  ao  achievemeiit.  You  eanaot 
expect  me  at  this  late  hour  to  examine  minotdy  into  thb  part  of  the 
subject,  but  I  must  not  take  leave  of  you  without  alluding  to  some 
fiicts  which  cannot  fail  to  rivet  the  lively  interest  of  the  Members 
of  this  Institution.  Let  me  tell  you  then  that  Mauve  and  Magenta 
are  essentially  Hoyal  Institution  colours;  the  foundation  of  this  new 
industry  was  laid  in  Albemarle  Street.  Benzol,  which  I  have  so 
repeat^ly  mentioned, — beuzol,  which  may  be  looked  upuii  as>  the 
law  material,  capable,  under  the  influence  of  ofaemiosl  agents,  of 
assuming  such  wonderfiil  shapes, — benxol  is  the  discoveiy  of  our  great 
master,  may  I  not  add  of  our  kind  friend^  Mr.  Faraday.  This  volume, 
'The  Philosophical  Transactions  for  1825,'  contains  the  description  of 
his  experiments.  Tn  !8'25,  thirty-seven  years  ago,  the  Inhomtory  of 
the  Royal  Institution  witnessed  the  birth  ut  this  remarl^able  body. 
Yesterday,  under  the  auspices  of  Mr.  Anderson,  I  invadeil  the  same 
laboratory,  a  diligent  search  was  made,  and  in  my  hand  I  hold  the 
trophies  of  our  expedition,  the  oripfinal  specimens  of  beoaol  which 
Mr.  Faraday  prepared.  In  thus  reminding  you  of  one  of  the  early  la^ 
IraurB  of  Mr.  Faraday, — which, owing  to  the  number  arid  vastness  of  his 
subsequent  discoveries,  appears  almost  to  have  escaped  from  his  memory 
like  a  tradition  of  years  gone  by, — I  hnve  opened  a  elorious  pag^ 
in  the  glorious  history  of  the  Royal  Institution.  Benzol  has  furnished 
us  Mauve  and  Ma|i;cnta,  but  it  has  done  much  more  than  this. 
Ever  since  chemistry  became  endowed  with  tliis  wonderful  body,  beuzui 
has  been  the  carrier  of  many  of  the  leading  ideas  in  our  science.  In 
the  Iiands  <^  Mitacherlich,  Zinin,  Gerhardt  and  Laurent,  in  the  hands 
of  Charles  Mansfield — never  to  be  foigotten  by  bis  friends — and 
many  others,  benzol  has  been  a  powerful  lever  for  the  advancement 
of  ohemiral  science.  Benzol  and  its  df^rhativos  form  one  of  the  most 
interesting  c-liaplers  in  oru^anic  chemistry,  the  progrew  of  which  is 
intimately  allied  with  the  history  of  this  conijKJund. 

But  what  has  the  hic»tory  of  benzol  to  do  with  the  moral  of  Mauve  and 
Magenta  ?  Well,  ladies  and  gentlemen,  ask  Mr.  Faiaday ;  ask  bin^hat 
in  1825  was  his  object  in  eiamining  benaol.  I  have  perhaps  no  right  to 
answer  this  question  in  Mr.  Faraday ^s  presence;  but  I  venture  to 
lay  that  we  owe  his  remarkable  in^piiry  to  the  pure  delight  he  felt 
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in  the  elaboration  of  truth.  It  was  in  the  same  spirit  that  his  suc- 
cessors continued  the  work.  Patiently  they  elicited  fact  after  fact ; 
observation  was  recorded  after  observation  ;  it  was  the  labour  of  love 
performed  for  the  sake  of  truth  ;  ultimately,  by  the  united  efforts  of  so 
many  ardent  inquirers,  exerted  year  after  year  in  the  same  direction, 
the  chemical  history  of  benzol  and  its  derivatives  had  been  traced.  The 
scientific  foundation  having  thus  been  laid,  the  time  of  application  had 
arrived,  and  by  one  bound,  as  it  were,  these  substances,  hitherto  exclu- 
sively tlie  property  of  the  philosopher,  appear  in  the  market-place  of  life. 

Need  I  say  any  more  ?  The  moral  of  Mauve  and  Magenta  is  trans> 
parent  enough.  I  read  it  in  your  eyes, — we  understand  each  other. 
"Whenever  in  future  one  of  your  chemical  friends,  full  of  enthusiasm, 
exhibits  and  explains  to  you  his  newly-discovered  compound,  you  will 
not  cool  his  noble  ardour  by  asking  him  that  most  terrible  of  all  questions, 
"  What  is  its  use  ?  Will  your  compound  bleach  or  dye  ?  Will  it  shave  ? 
May  it  be  used  as  a  substitute  for  leather  ?  Let  him  quietly  go  on  with 
his  work.  The  dye,  the  lather,  the  leather'will  make  their  appearance 
in  due  time.  Let  him,  I  repeat  it,  perform  his  task.  Let  him  indulge 
in  the  pursuit  of  truth, — of  truth  pure  and  simple,— of  truth  not  for  the 
sake  of  Mauve,  not  for  the  sake  of  Magenta — let  him  pursue  truth  for 
the  sake  of  truth  1  [A.  W.  H.] 

Illdstrationb  of  Aniline  Colours. 
Mauve. 
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ANNUAL  MEETING, 

# 

Thunday,  May  1, 1862. 

Thb  Ddkb  of  NoBTjEroMBEBLiLNo,  E.6.  F.11.S.  President, 

io  the  Chair. 

The  ADDnal  Report  of  the  Committee  of  YisitorB  for  the  year 
1861  was  read  and  adopted. 

The  amonnt  of  Contributioos  of  Memlien  and  Snbseribers  in- 1861 
amounted  to  £9013.  10*.,  the  Receipts  for  Subscriptions  to  Lectures 
were  £740.  lU.  6tf.;  the  total  Income  for  the  year  amounted  to 
£4693.  9«. 

On  Dec  31,  1861,  the  Funded  I'roperty  was  £28,655.  I7t.  2d,  ; 
and  the  Bahince  at  the  Banlcers,  £968.  16#.  8<^.,  with  Sis  Exchequer 
BiUs  of  £100  each. 

A  List  of  Books  I'l  esented  accompanies  the  Eei>ort,  amounting  in 
number  to  524  volumes ;  making,  with  those  purchased  by  the 
Managers  and  Patrons,  a  total  of  524  volumes  (including  Periodicals) 
added  to  the  Library  in  the  Tear. 

Sixty-three  Lectures  and  Twenty-one  Eveoing  Discourses  were 
delivered  during  the  yeur  1861. 

Thanks  were  voted  to  tlie  President,  Treasurer,  and  Secretary,  to 
the  Committees  of  Mnnn  nrers  and  Visitors,  and  to  Prof(^wor  i^'araday^ 
for  their  services  to  the  Institution  during  the  past  year, 

Tlie  following  Gentlemen  were  unanimoosly  elected  as  Offioen 
A»r  the  ensuing  year 

Prssident — ^The  Duke  of  Northumberland,  KIG.  F.B.S. 
TKEAsmw^— William  Pole,  Esq.  M.A.  F.R.S. 
SEC3BETABT— Henry  Bence  Jones,  M.A.  M.D.  F.B.& 

Managers. 


The  Rev.  Jnhn  a-irlow,  M.A.  F.B.S. 
William  Itowman,  Esq.  F.R.S. 
Sir  Benjamin  Cdlutt  Brodie,  Bart  D-CL. 

F.K.S. 

Warren  De  la  Rue,  Esq.  Ph.D.  F.BJ8. 
Georpe  Dodd,  Esq.  F.S.A. 
The  Earl  of  Ducie,  F.H.S. 

John  llall  Gladstone,  Esfj.  Ph.D.  F.H.S.     |     of  Koval  Society 
Wiliiaui  Robert  Grove,  £«q.  M.A.  Q.C.    Colonel  Philip  James  Yorke,  F.B.S. 
F.BA 


Sir  Henry  HoUand,  Bert  MJ>.  DXXL. 

F.R.8. 
The  Lord  howwm,  BIP. 
William  Fredenck  I'ollock,  Bn.  MJi. 
Lewis  Powell,  M.D.  F.S.A. 
Robert  P.  Roupell,  Esq.  MJi.  Q.C. 
Mujor-Gen.  Edward  Saoiiw,  R.A  PMi. 
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VlSITOES. 


Neill  Araott,  M.D.  F.R.S. 
Hon.  and  Rev.  &unuel  Best. 
Geor|pe  J*  BoMoqiiet,  Eaq* 

Archibald  Boytl,  Ks  j. 
Bernard  Edward  lirodburst,  Esq. 
John  Charles  Burgoyoe,  Esq. 
George  Frederick  Chambers,  Esq. 
Hod.  Sir  Charles  CvompUMi,  Justioe  of 
Queen's  Bench. 


Edward  Enfield,  Esq 
Captain  Frederick  Gausseo. 
The  Doke  of  Manehester. 
Johu  MacDoniiell,  E^. 
Colcmel  William  Pinney,  M.P. 
George  Stodart,  Esq. 
Ilou.  Sir  JaMP.  Wilde»  Bferon  of  th« 
£3ushieqoer. 


Ili^  Grace  the  President  nomiuated  the  following  Vice-Presidents 
for  the  ensuing  year 

William  Pole,  P.RjS.  Esq.  the  Treasurtr.     W.  R.  Grove,  Esq.  M.A.  Q.C. 

The  Rev.  John  Barlow.  H JL  F.BJl        Sir  H.  HolUuid»  Bt.  ILD.  D.G.L.  F.RJB. 

Sir  B.  C.  Brodie,  Bart.  D.CX.  F,KA       Hi^oMSen.  Bdwaxd  Sabine^  Pres.  HJS. 


WEEKLY  EVENING  MEETING, 

Friday,  May  2,  1862. 

Thk  Est*  Joan  Baxu>w,  M.A.  F.B.S.  Vioe-Preeideiit, 

in  the  Chair* « 

R.  MovcKToif  MiunsB,  Esq.  M.P. 
On  the  liitemcUioml  Exhibition  of  1862. 

The  sponkor  stated  that  the  IVfrirmfl^rs  of  the  Institution  had  arranged 
that  some  discourses  should  be  there  delivered,  on  the  most  important 
natural  products  to  be  exliibited  at  the  Great  International  Festival, 
and  imd  thought  it  advisable  that  these  special  addresses  should  be  pre- 
faced by  a  few  eooaideratioos  of  the  nature  and  scope  of  this  wonderful 
congregation  of  the  industries  and  intelligences  of  the  world.  He  waa 
much  flattered  at  being  selected  to  perform  this  duty,  and  could  assure 
the  members  present  that  he  should  come  into  no  competition  with  the 
eminent  persons  that  would  follow  him,  but  should  confine  himself  to 
X]\<y<v  geuenilities  and  rommon-places,  wliieh  are  not  always  the  more 
displeasing  for  bein^  in  Mjme  sort  the  retleciion  of  tlieir  own  minds. 

It  was  the  habit  oi  tiiis  Society  to  deal  rather  with  facts  tlian  specu- 
lations, and  he  would  therefore  direct  their  attention  to  the  geographical 
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and  political  conditions  which  alone  rendered  possible  such  an  event  a^ 
this.   It  bad  been  written  witb  snffieient  aoeaney  for  ven^  that — 

*'  Tbe  total  surface  of  this  sphered  earth 

Is  DOW  mrveyed  by  philoeophic  eyes ; 
Nor  East  nor  West  eonceals  a  secret  worth— 

In  the  wide  ocenn  no  Atlantis  lies : 
Nations  and  men,  that  would  be  great  and  wise, 

ThoQ  knowest,  can  do  no  more  than  men  have  done ; 
No  wond'rous  impalse,  no  divine  Fnrprise, 

Can  brin^  this  planet  nearer  to  the  son, — 

CiTUiBatioa's  prize  no  royal  road  has  won. 

The  accessibility  of  the  ocean-wateiB  of  the  globe  was  a  first  neces- 
sity to  this  end,  and  this  had  been  now  accomplished  from  tbe  ic^-bound 
fires  of  Mount  Erebus  to  the  grave  of  Franklin.  "Wc  could  not  say 
quite  as  much  of  our  knowledge  of  the  land  of  the  world,  but  we  per- 
fectly understood  the  limits  of  our  ignorance,  and  could  fairly  assume 
that  there  was  no  position  of  the  earth  yet  unsurveyed  which  could  in 
any  notable  de^^  add  to  our  phydcaU  sdenco,  or  eatend  our  oboerm^ 
tion  of  the  habits  and  deetinies  of  mankind* 

Although  great  continenta  are  Tepreaonted  in  our  Exhibition  only  by 
th^r  fringes:,  we  can  hardly  contemplate  any  such  conversion  of  nature 
or  man  as  should  people  the  sandy  spaces  of  Africa,  the  vnj:t  pnstonil 
steppes  of  central  Asia,  or  those  huge  fields  of  the  unlimited  lilx  rty 
of  animal  and  vegetable  life  whieh  stretch  in  South  Anifcriea  iruin  the 
tropics  to  the  polar  snows,  with  the  higher  formi>  of  industry,  art,  and 
civilixation.  It  ia  enough  that  no  longer  can  Tartar  hordes  swoop 
down  on  richer  and  fairer  laods/and  that  the  sage  andsaleratus  prairies 
of  North  America  cannot  cheek  tlie  enterpnsing  outgrowth  of  the 
Anglo-Saxon  race* 

AtkI  this  brings  us  to  another  necessary  condition  of  our  Exhibi- 
tion, the  security  of  the  seas,  nml  the  general  facility  of  conimereiHl 
intercourse.  The  exce])ti m  il  piracy  which  obstructs  the  trade  of  ilie 
waters  of  Oceania,  and  which  the  energy  of  Sir  James  Brooke  has 
done  much  to  repress,  was  once  the  custom  of  the  world,  and  carried 
with  it  no  notions  of  cruelty  or  disgrace.  This  evil  was  partially  re- 
medied by  pladng  commerce  under  tlie  safeguard  of  religion.  Where 
the  modern  state  establishes  a  factory  or  a  free  port,  the  old  state  built 
a  temple.  Thus  the  Tyrian  Hercules  linked  together  the  trade  of 
Greece  nnd  T*lm»nicia  in  a  common  worship  :  thus  the  fane  of  Jupiter 
Amnion  was  the  great  resting-place  and  protection  of  the  caravanj^  of 
the  desert :  thus  the  Hues  of  the  chief  Catholic  pilgrimages  were  the 
paths  not  only  of  all  travellers  but  of  all  merchants  in  the  middle  agc:^. 
The  interchange  of  the  gifts  of  God  was  sanctioned  by  Pagan  and  by 
Christian  piety,  and  the  notion  of  connecting  trade  with  any  inibriority 
of  tHx;ial  station  or  intellectual  power  is  a  perverted  remnant  of  the 
feudal  system,  where  the  jealousy  between  town  and  country  tended  to 
discredit  labour  and  to  idesilize  bnite  f<jrce. 

Tlie  speaker  proceeded  to  draw  the  distinction  between  ancient  and 
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modern  trade.  Tn  tlie  old  Asiatic  nations,  where  influence  is  still  pal- 
pable among  iiiaiikiiid  on  the  score  of  authority  and  the  bond  of 
religioD,  the  ideas  of  free  trade  and  competition  would  have  been 
ineomprelitiiinble.  The  exclnsioii  of  foreigQers  from  tlM  Interna] 
iiavigatioii  of  the  aevenl  eoontries  was  muvenal,  and  none  were  per- 
mittM  even  to  enter  foreign  ports,  exerat  with  the  tessera  hotpiialU, 
or  eome  other  symbol  of  a  commercial  treaty.  Ban  were  thrown 
across  the  months  of  some  rivers,  as  by  the  Persians  acro>«s  the  Tigris 
after  ilieir  coiupiest  of  Babylon  :  traces  of  which  imppdiriH  iits  ro  navi- 
gation still  rrirtain.  And  in  modem  EurojK'  the  growth  of  lii>eral 
commerce  has  beeu  slow  indeed,  and  it  is  one  ui  the  happiest  privileges 
€i  oar  time,  that  as  regBrds  ooneWes  at  least,  we  have  come  to  see  its 
oonsummation.  In  %  Dudley  North's  *  Discourse  on  Trade,'  published 
in  1691,  the  principle  Is  laid  down  that  the  whole  world  as  to  trade 
is  but  as  one  nation  or  people,  and  therein  nations  are  as  persons." 
But  the  Hollander  and  the  Portnq:nese  long  remained  the  objects  of  a 
commercial  animosity,  which  flid  not  jtrcvent  the  one  from  occupying 
our  fisheries  to  tiie  very  coast,  and  the  other  from  sharing  with  us 
the  dominion  of  India. 

The  social  and  political  conditions  represented  by  our  Exhibition 
nest  occopied  the  attention  of  the  speaker.  The  whole  of  this  marvel- 
loos  combination  of  energy  and  art  is  the  result  of  iiree  labour — of  the 
apontaneous  industry  of  mankind.  It  is  not  the  mereapplication  of  local 
nature  to  local  designs,  but  the  collation  and  transmutation  of  most 
diverse  and  distinct  elements  to  tho  use  and  bonpfit  of  our  race  :  the 
jnxta-position  of  our  coal  and  iron  have  suggtislcd  the  manufactur<^s 
of  Sheffield,  but  it  is  the  borax  of  Tuscany  which  assists  the  ingenious 
labourers  of  Colebrooke  Dale.  It  is  the  sign  and  symbol  of  tlie 
geneml  education  of  the  world,  which  renders  it  unpossible  that  dis- 
wpvries  can  be  neglected  or  arts  be  lost  The  ignorance  and  sapersti- 
tioo  which  kept  mankind  in  unnece^ary  physical  paio  after  the  inven* 
tion  of  the"spongia  somnifera"  of  the  12th  century,  can  no  longer 
check  tho  annaesthetic  powers  of  a  boiiefin'a!  nature,  nor  would  it 
requirf  a  Harvey  to  revive,  however  he  might  be  required  to  develope, 
the  know  i edge  iliut  perished  with  the  ashes  of  Servetus. 

Bui  besides  the  intercommunication  of  nations  in  space,  iixe  speaker 
remarked,  our  Exhibition  surely  owes  much  to  what  he  would  call  the 
trade  of  time^  the  thoughts,  the  fedings,  the  interests,  that  pass  from 
generation  to  generation  ;  tlie  arts  of  Greece,  the  laws  of  Rome,  the 
religion  of  the  Semitic  peoples,  the  triple  elements  of  modem  civilization. 
The  silent  East  gave  the  alphabetic  character  whicli  bns  transmitted 
all  the  speeches  and  varied  literature  of  the  West;  the  Brahmin  pre- 
8er\'es  the  sacred  language  in  which  the  linguistic  science  of  modem 
times  trac^  the  mother-tongue  of  all  the  Indo-Germauic  dialects  that 
pass  from  mouth  'to  mouth  beneath  these  lofty  domes. 

The  singularity  of  the  dieumstance  that  England  should  be  the 
aoene  of  this  meeting  of  the  nations  was  next  alluded  to.  It  was  an 
illuatration  of  the  advantage  of  our  insular  position^  which  being  oom- 
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biued  with  sufficient  territury,  gave  us  at  unce  tiie  best  political  condi- 
tions of  eKteraal  power  and  domeBtks  independenoe»  Our  greatest 
danger  in  history  has  been  not  oar  own  conquest,  bat  the  oonqnest  of 

France,  which  must  have  absorbed  us  into  the  continental  system. 
Now,  the  peril  of  our  power  lay  in  the  rapid  political  and  moral 
elovfition  of  the  other  European  iKitions,  but  we  could  well  afford  to 
sacritice  some  individual  .suf>eri(>rity  to  the  common  gain  of  mankind. 

The  speaker  concluded  with  noting  some  of  the  probable  etiects  of 
this  great  jubilee  of  commerce.  Large  congre^aiions  of  men  had 
always  vividly  struck  the  imagination,  and  the  jubilee  of  Pope  Boni&ce 
80  oocapied  the  mind  of  Dante  that  he  illastrates  by  it  one  of  his  saper- 
natural  pictures,  and  fixed  it  as  the  date  of  his  spiritual  journ^.  Suoh 
assemblies  have  always  been  looked  on  as  harbingers  of  peace,  and  we 
know  what  were  the  expectations  of  But  though  that  hope 

has  proved  delusive,  we  may  yet  feel  thankful  that,  with  the  excep- 
tion of  the  American  calamity,  all  the  disturbances  of  the  world  since 
that  time  iiav  c  hwn  the  conflicts  of  a  lower  against  a  higher  civilization, 
in  which  the  higher  has  had  the  mastery,  "[nie  matermls  here  brought 
together  must  impress  on  the  spectators  the  mutual  dependence  of 
nations,  and  the  interests  of  amity.  One  of  the  chief  objects  of  interest 
would  be  the  various  applications  of  art  to  industry ;  advantages  perhaps 
somewhat  balanced  by  the  injury  of  the  application  of  industry  to  art. 
As  art  beccmi(^  mechanical,  it  loses  the  spontaneous  di^itv  which 
makes  it  most  divir)e,  and  it  seems  impossible  to  ditluse  and  repeat 
it,  without  some  dimiimtion  of  its  highest  faculties.  But  this  qualifica- 
tion does  not  extend  to  the  relations  between  indastry  and  science,  there 
the  moral  is  as  certain  as  the  material  profit ;  intelligent  labour  is  sub- 
stituted for  the  mere  exertion  of  brute  strength  \  the  supply  of  comforts 
is  extended  from  the  luxurious  classes  even  to  the  necessitous ;  the 
diseases  consequent  on  physical  hardship  are  diminished,  and  the  average 
longevity  of  man  increased.  To  the  progress  of  srioTJtific  education 
not  only  the  ])hilosopher  but  the  statesman  looks  for  the  dittusion  of 
public  happiness  and  the  pennauence  of  modern  civilization.  If  the 
states  that  now  rule  the  world  are  to  escape  the  doom  of  Babylon  and 
Rome,  of  Egypt  and  of  Greece,  it  is  in  that  they  have  not  made  their 
science  the  monopoly  of  a  caste  or  a  priesthood,  but  they  haye  placed 
it  more  or  less  within  the  reach  of  the  individual  intelligence  of  the 
humblest  citizen.  Let  the  education  tliat  enables  mankind  to  apprehend 
and  value  truth  proceed  commensurately  with  tlie  discoveries  of  science, 
and  the  community  will  trraduaily  but  continuously  absorb  into  it^eif 
that  knowledge  which  makes  decay  impossible,  and  our  country  may 
boldly  and  confidently  meet  whatever  destiny  remains  for  it  in  the  in- 
•fsnttable  designs  of  the  Creator  and  Buler  of  the  universe. 

[R.  M.  M.] 
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GKMERAL  MONTHLY  MEETING.  . 

Monday,  May  5, 1862. 

William  Pole,  Esq.  M.A.  F.R.S.  Treasurer  and  Vice-President, 

in  the  Chair. 

Harry  Footner,  Esq. 
Claud  Hamilton,  Esq. 
Hugh  Mair,  Ete. 
Miss  Margaret  Laurie. 

Capt  Edward  Southwell  Sotheby,  RN.  C.B. 

James  Sped  ding,  Esq. 
William  Yausittarty  Esq.  M.P. 

wm  eUeUd  Memben  of  the  BoyBl  IiMlitation. 

Major-Gen.  Edward  Salniie,  ILA.  FlraflideDt  R.a 

was  admitted  a  Member  of  the  Boyal  Institution. 

The  following  Professors  were  re-elected  :— 

William  Thomas  Bbande,  Esq.  D.C.L.  F.R.S.  Hon.  Professor 

of  Chemistry. 

Joun  Ttmdall,  Esq.  F.B.S.  Professor  of  Natural  Pbilosopiiy. 

The  Presents  received  since  the  Inst  Meeting  were  laid  on  the 
table,  and  the  tiianks  of  the  Mcuibers  returned  for  the  same  :  viz. 
Fkom 

Beoid  of  Tirade,  Meteontegieai  Departmmt  (hy  Admiral  RieBtif,  ike  Sapmm^ 

tendmt)—\ivpor\  fnr  ist>2.  ^vo. 
1st,  2od,  and  ard  Keports  of  the  Liverpool  Compass  Committee. 
Ibl.  1857><9. 

Arnoit^Neil,  M.D.  EH.S.  M.R.L  (iAc  ilvtAM^-SopftoneDt  to  his  'Snrvsyof 

Human  Progress.'    8vo.  # 
Attronomical  Society^  Royal — Mouthly  Notices.  March  1862.  8vo. 
M<7i9u«,  ilMrfitaw  Aqioledkt  Sedn^  tro. 

Annuaire.    1862.  Ifito. 
Brodie,  Sir  B.  C.  Bart.  D,C.L,  F.R.S.  MMJ.  {the  Author)^Ftycho\o$^caX 

Inqoiiies.  Part  II.  16to.  1862. 
damivt,  G.  F.  Esq.  MR.  f.—Uow  did  they  get  there  ?  or,  The  Noncoaftnaiiig 
Ministers  of  16fj2,  by  the  Rev.  G.  V. nibhs.    (O  13)    12rao.  lH(i2. 
Popular  luqviiry  into  die  Moon's  iiotul:ou  ou  her  Axis.    By  J.  Vuu  Gumpach. 
8vo.  1856. 

Waniiog  to  Chnrchmen.   (0 10)   l8mo.  188S. 

yoi*.m.  (No.a6.)  2l 
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Chemical  Societv — Quarterly  Journal,  No.  6U.  8vo.  1862. 
Civti  Entfineer/  Jnstitutum — FroceedLogs,  April  1862<  8vo. 
£lrfft«rf— American  Journal  of  Seiaoec^  bj  &  ""'"""i  fte*  fiir  Ubrch  1862.  8vo. 

Artizan  for  April  1862.  4tO. 

AUieuttium  for  April  1862.  4to. 

Cheniietl  News  lor  April  1869.  4lo. 

Fnf^inrc  r  for  April  1SG2.  fol. 

Horological  Joamal,  No.  45.    8vo.  1862. 

Joamal  of  Gas-Li^bting  for  April  1862.  4to« 

Mechamcs'  Magazine  for  April  1SG2.  8^ 

Medical  Circular  for  April  I8ti2.  hvo. 

Practical  Mechanics'  Journal  for  April  1862.  4to. 

St.  James's  Medley  for  May  l86Si.  8iroi. 

Technologist  for  April  1862.  8vo. 
Fosier,  frank  {the  Author}— Humher  One  {  or.  The  Way  of  the  World;  to  irhicb  is 

added  a  Colonial  DiftCtory.   8to.  1868. 
Jhntklin  Inttitule  cf  Pennst/Ivania. — Journal,  Vol.  XLIV.    No.  4.    8vo.  1868. 
Geoqraphical  Societjj,  Royal — Proceedings,  Vol.  VI.    No.  2     Hvo  1862. 
Granville,  A.  2J.  M.D.  F.R.S-  M.R.I. — Account  oi  tiiu  Kissingen  Eflerreaciog 

Saline  Chalybeates,  &c.   (K  88)   8vo.  1862. 
Mackie,  S.  J.  Esq.  F.G.S.  (the  Editor)— The  Crulnrrist  for  April  1862.  8vo. 
Medical  and  Chinnyical  Hocielj/,  .^ova/— Proct^eUiugs,  Vol.  IV.  No.  I.  8?o,  1862. 
JV^Mtoi,  AfeMra— Lraidoo  Joarnal  (N«w  Series)  for  April  1862.  8va 
PeUtmamtf  A.  Esq.  {the  £(/(<or)--llitth«iliiDgeik  «u  dem  ffiTiimintgntrimr  drr 

Geographic.    1802.    No.  3.  4to. 
Photographic  .Sc-ci'dy  — Journal,  No.  120.   8vo.  1862. 

Meddie,  James,  Esq.  {the  ifnlAor)— Vis  liiertin  Viete ;  or,  Fillaeici  tfibcting 

Sc'ience.    (K  88)  8vo. 
Royal  Societv  of  Zoirabii— Proceedings,  No.  48.   8vo,  18^« 
Sekarf,  Q.  Esq.  {the  SMfstafy)— Oatalogae  of  ttie  Nftticntl  Portnit  Gallery.  8vo. 

1862. 

South.  ./.  F.  Estj.  (the  Autfifr  — Observations  on  the  Pre«ont  ConditUA  and  Fatnrs 

Pr(^pecU»  of  St.  Thouiai>'&  iiuspital.  (K88;    8vo.  lob2. 
Tyndall,  Johm,  Etq,  F,B*S*  M,B,r.  {fkt  .4itlW)<>MoQntaiiieefiiig  i&  1861.  8to. 

1862. 

Ladd,  Mr,  H'.— Electric  Idachine  (by  McCulloch,  London),  which  formerly 
beloofed  to  the  Prineess  Charlotte. 

Paper  showing  the  effect  produced  hy  the  btiming  various  metallic  wires,  by 
means  of  the  verj'  p<)werful  (Electric  Machine  and  I^ydea  Bstteiy,  formerly 
at  the  Pauopticoii,  Leicester  Square. 
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W£EELY  EVENING  MEETING, 

Friday,  May  9,  1862. 

The  Duke  of  Northumberland,  K.G.  F.R.S.  President, 

in  the  Oliair. 

WiLUAM  Faibbaisn,  Etq.  FJLS. 

On  ike  Prapertki  of  /fYm,  and  U»  JResiHanee  ta  PrqjectUei  ai 

Sigh  Vdoeiiim*  ^ 

Wf  have  no  correct  record  :i>  to  the  exact  timo  wfipii  wrouglit-iruti 
platen  were  first  employed  fm-  tlie  purpose  of  building  vesst-ls.  It 
is,  however,  certain  that  iron  barges  were  in  use  on  canals  at  the  close 
of  the  la&t  century.  In  1824  Mr,  Mauley,  of  Staffbfdsfaire,  built  an  iron 
steam-boat  for  the  navigation  of  the  river  Seine,  and  this  was  the  first 
tron  vessel  that  attempted  a  sea  voyage.  She  was  navigated  from  this 
country  to  Havre,  by  the  late  Admiral  Sir  Charles  Napier,  and  although 
constructed  for  shallow  rivers,  she  nevertheless  crossed  the  channel  in 
perfect  safety.  From  tliat  time  to  1830,  no  attempt  wa.s  made  to  build 
ir<m  ve«L>^els%  and  notldtig  was  done  towards  ascertaining  the  properties 
of  iron  as  a  material  for  ship-building. 

A  series  of  experiments  instituted  by  the  Forth  and  Clyde  Canal 
Company  in  1829-90,  to  ascertain  the  hiw  of  traction  of  light  boats  at 
high  velocities  on  canals  led  to  the  application  of  iron  for  the  con- 
struct ion  of  ves^els^  and  the  lightness  of  these  new  vessels,  combined 
with  their  increased  strength,  suggested  the  extended  application  of  the 
materia!  in  the  construction  of  vessels  of  much  larger  dimensions,  and 
ultimately  to  those  of  tlie  largest  class  both  in  the  war  and  the  mercantile 
navy.  Considemblf^  dithcnlty,  however,  existed  with  regard  to  the 
navy  ;  and  althougii  Liie  principle  of  iron  construction  as  applied  to 
laerctiaot  vessels  and  packets  was  fully  establlslied,  it  was  nevertheless 
considered  inapplicable,  until  of  late  years^  ibr  ships  of  war.  It  is  true 
timt  until  the  new  system  of  casing  the  sides  of  vessels,  first  introduced 
by  the  Emperor  of  the  French  in  1854,  was  established,  the  iron  ship 
was  even  more  dangerous  under  fire  than  one  built  entirely  of  wood. 
Now,  however,  that  thick  iion  plate-^  arc  fntiiKi  sntiicientlv  stn>!)fT, 
under  ordinary  circuni>f:iiK"r>,  to  re:>ist  tiie  action  of  guns,  not  excee  ding 
120-poundere,  for  a  consicierable  length  of  time,  the  state  of  the  navy  and 
the  minds  of  our  naval  officers  have  entirely  changed.  We  must,  there- 
fore, now  look  to  new  conditions,  new  materials,  and  an  entirely  new  con- 
struction, if  we  ara  to  retain  our  superiority  as  mistress  of  the  seas.  There 
yet  remain  amongst  us  those  who  contend  for  the  wooifen  walls,  but  they 

2l2 
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are  no  lon^r  applicable  to  the  wnnfx  of  the  state  ;  nnd  T  nm  clearly  of 
opinion  tliiit  we  cannot  afford  to  tritiu  with  so  itnjM>i  :;uit  a  luanch  of  tlie 
public  service  m  to  fall  btliiud  any  natiorj,  iiowever  powerful  and  eHicieut 
tliey  ma^  he  in  naval  constructiuu.  Having  satisfied  ourselves  that 
this  deMdmtum  must  be  attained,  at  whatever  cost,  I  shall  now 
endeavour  to  point  out  such  fiicts  as  in  my  opinion  relate  to  the  changes 
that  are  now  before  us,  and  simply  endeavour  to  show— 

1st.  The  description  of  iron  host  calculated  to  secure  strength  and 
durability  in  the  construetion  of  ships  of  war. 

2nd.  The  distribution  and  best  forms  of  ooostruction  to  attain 
this  object;  and, 

Lastly.  The  properties  of  iron  best  calculated  to  resist  the  pene- 
tration of  shot  at  high  velocities. 

Properties  of  Iron, — If  we  are  desirous  to  attain  perfection  in 
mechanical,  architectural,  or  ship-buildin^^  construction,  it  is  e^-isential 
that  the  engineer  or  arcliitect  should  make  liiraself  thorougfily  ac- 
quainted with  the  properties  of  the  materials  which  he  employs.  It  i?* 
unimportant  whether  the  construction  be  a  bouse,  a  ship,  or  a  briii^e. 
We  must  possess  correct  ideasof  the  strength,  proportion,  and  combimt- 
tion  of  the  parts,  before  we  can  arrive  at  satisnietory  results;  and  to 
effect  these  objects  the  naval  architect  dioold  be  conversiant  with  the 
following  facts  relating  to  the  resisting  powers  of  malleable  and  rolled 
lion  to  a  tensile  strain. 

The  lesistanee  in  tons  per  square  inch  of— 

Yorkshire  Iron  is        •       .       .  24*M  tons. 

Derbyshire        »         .       •       .  20*25  „ 

Shropshire        „         •       •       •  22*50 

Staffordshire     „        .       •       .  20*00 

Strength  oj  Hivctlcd  Joints. — The  architect  having  fortifit'I  lii in- 
self  with  the  above  facts,  will  be  better  able  to  carry  out  a  jn  li  ;(itis 
distribution  of  the  frames,  ribs,  and  plates  of  an  iron  ship,  so  as  tu  meet 
the  various  strains  to  which  it  may  be  subjected,  and  ultimately  to 
arrive  at  a  distribution  where  the  whole  in  combination  presents  uni* 
formity  of  resistance  to  repeated  sttatn%  and  the  various  changes  it  has 
to  encounter  in  actual  service. 

There  is.  however,  another  circumstance  of  de<*n  imj>ortance  to  the 
naval  arclii'  rr,  which  should  on  no  account  be  lust  siglit  of,  and 
liiat  is,  the  comparative  values  »>f  ihe  rivette<i  joints  of  plates  to  the 
plates  themselves.    These,  accoriliug  to  experiment,  give  the  iuliu\>  in^ 

resulte: — 

Taking  the  cohesive  strength  of  the  plate  at .  100 
The  strength  of  the  double-rivetted  joint  was 

found  to  be  70 

And  the  ringle^rivetted  joint    •       «       ;  56 
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These  proportions  apply  with  great  force  to  vessels  requiring  close, 
rivcttintr,  sucli  as.  ships  anrl  boilers  that  must  he  water-tight^  and  in 
calculation  it  i»  necessary  to  make  allowanoes  in  tiiat  ratio. 

Strength  of  Ships.'-^tlaJte  years  it  has  been  found  conveoieDt  to 

increase  the  lengtli  of  steamers  and  sailing^  vessels  to  as  much  as  eight 
or  nine  tiiiifs  their  breadth  of  beam,  nnd  this  for  two  reasons;  first,  to 
oi)taiii  aij  iiKTeast*  of  speed  by  giving-  tine  sharp  lines  to  the  bow  and 
stem  ;  and  .Micond,  to  secure  an  increase  of  capacity  for  the  same  nud- 
ahip  section,  by  which  the  carrying  powers  of  the  ship  are  greatly 
augmeDted.  Kov,  theie  k  no  serious  objection  to  this  increase  of  feogt  h , 
which  may  or  may  not  have  reached  the  mazimnm.  But,  unfortunately, 
it  has  hitherto  been  accomplished  at  a  great  sacrifice  to  the  strength  of 
the  ship.  Vessels  floating  on  water  and  subjected  to  the  swell  of  a 
rolling  sea, — to  say  nothing  of  tlieir  being  stranded  or  beaten  upon  the 
rocks  or  sand  bank^  nf  ,i  loe  sliore, — are  governed  by  the  same  laws  of 
transverse  strain  a>  >iiii[ile  liollow  beam<!,  like  the  tubes  of  the  Conway 
and  Britaiiiiia  tubular  bridges.  Assuming  thii*  to  be  true,  and  indeed 
it  scarcely  requires  demonstration,  it  follows  that  we  cannot  lengthen  a 
ship  with  imponity  without  adding  to  her  depth  or  to  the  sectional  area 
of  t  hi'  plates  iu  the  middle  along  the  line  of  the  upper  deck. 

If  we  take  a  vesscd  of  the  ordinary  construction,  or  what  some 
years  ago  was  considered  the  best — 300  feet  lonrr,  4]  ff.pt  f;  inches 
beam,  and  26  feet  6  incho'^  deep — we  shall  be  able  to  show  how  in- 
adequately she  is  designed  to  resist  the  strains  to  which  she  would  be 
subjected.  To  arrive  at  these  facts  we  shall  approximate  nearly  to  the 
truth  fay  treating  it  as  a  simple  beam  ;  and  this  is  actually  the  case,  to 
some  extent,  when  a  vessel  is  supported  at  each  end  by  two  waves,  or 
when  rising  on  the  crest  of  another,  supported  at  the  centre  with  the 
stem  and  stern  partially  suspended.  How  in  these  positions  the  ship 
undergoes,  alternately,  a  strain  of  compression  and  of  tension  along  the 
whole  section  of  the  deck,  C'»rre'^pondiTj«T  with  equal  strains  of  tension 
and  compression  along  the  section  ot  tin-  keel,  the  .^trains  being  reversed 
according  as  the  vessel  is  supported  at  tiic  ends  or  tlie  centre.  These 
are,  in  fact,  the  alternate  strains  to  which  every  long  vessel  is  exposed, 
particularly  in  seas  where  the  distance  between  the  crests  of  the  waves 
does  not  exceed  the  length  of  the  ship. 

It  is  true  that  a  vessel  may  continue  for  a  number  of  voyages  to 
resist  the  continuous  strains  to  which  she  is  subjected  wliilst  resting  on 
water.  But  supposing  in  stress  of  weather,  or  from  some  otlier  cause, 
she  is  driven  on  rocks,  witli  her  bow  and  stern  suspended,  the  proba- 
bility is  that  siie  wouhi  brt^k  iu  two,  separating  from  the  insufficiency 
of  the  deck  on  the  one  hand,  and  the  weakness  of  the  hull  on  the  other. 
This  is  the  great  source  of  weakness  in  wrought'4ion  vessels  of  this 
construction,  as  well  as  of  wooden  ones,  when  placed  in  similar  trying 
ciicumstances.* 

♦  See  Vol.  I.  of  the  *  Transactions  of  the  lustitation  of  r^avui  Architects,' on  the 
Strength  of  Iron  Ships. 
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Changes  in  /^ro^re^r^.— Ilaviug  directed  attention  to  the  strength 
of  thipBy  and  the  neeeemty  for  their  improved  oomlru^tion,  we  maj  now 
advert  to  the  changes  by  which  we  aremrrounded  and  to  the  revolutioo 

now  pending  over  the  destinies  of  the  navy,  and  the  deadly  weapons 
now  forging  for  its  destruction.    It  is  not  for  lis  alooe,  hot  for  all 

other  maritime  nations,  tlinf  these  Cyclopean  monsters  are  now  issuiiTj^ 
from  thi'  furiinrp.s  of  Viiicaii  ;  and  it  behove^  all  those  exposed  to  such 
merciless  enemies  to  be  u|)oii  their  guard,  and  to  liave  their  *  Wan  iors,* 
*  JilerrimaciJ,'  and  *  Monitors'  ever  reaciy,  clothed  in  mail  from  stem  to 
stern  to  encounter  such  formidable  foes.  It  has  lieen  seen,  and  every 
experiment  exem|jlifies  the  same  lact,  that  the  imn  ship  with  its  ccat  of 
armour  is  a  totally  diflerent  construction  to  that  of  the  wooden  walla 
which  for  centuries  have  been  the  pride  and  glory  of  the  country. 
Three-iieekers,  like  tfie  '  Victory  '  and  the  *  Ville  <Ie  Paris  *  of  the  h<i 
century,  would  not  exist  an  hour  against  the  sea-monsters  now  coming 
into  use. 

The  days  of  our  wooden  walls  are  therefore  gone  ;  and  instead  of 
the  gallant  bearing  of  a  100-gun  ship,  with  every  inch  of  canvas  set, 
dashing  the  spray  from  her  bows  and  careering  merrily  over  the 
ocean,  we  shall  find  in  its  place  a  black  demon,  some  five  or  six  hun- 
dred feet  long,  stealing  along  with  a  blacl(  funnel  and  flagstaff  on  her 
nii>ision  of  destruction  and  scarcely  seen  above  water,  excepting  only  to 
show  a  row  of  teeth  on  each  side,  ns  formidable  as  tlie  inunense  iron 
carcai$s  tliat  is  floating  below.  This  may,  with  our  pre**ent  impression.*!, 
be  considered  a  perspective  of  the  future  navy  of  England, — probably 
not  encouraging, — but  one  on  which  the  security  of  the  country  may 
nltimately  Imve  to  depend,  and  to  the  construction  of  which  the  whole 
power  and  skill  of  the  nation  should  be  directed.  I  have  noticed  these 
clianges,  wluch  are  fast  approaching^  from  the  conviction  that  the  pro- 
press  of  the  applied  sciences  is  not  only  revolutionizing  our  habits  in 
the  development  of  naval  construction*;,  as  in  every  other  branch  of  in- 
dustry, but  the  art  of  war  is  undergoing  the  same  chang**?;  as  those 
which  haye  done  so  much  for  the  industrial  rcsotiree*?  of  the  country  in 
times  of  peace.  It  is  therefore  necessary  to  prepare  for  the  changes 
DOW  in  progress,  and  endeavour  to  eflect  them  on  principles  calculated, 
not  only  to  ensure  security,  but  to  place  this  country  at  the  head  of 
constrictive  art  It  is  to  attain  these  objects  that  a  long  and  laborious 
class  of  experiments  have  been  undertaken  by  the  Government,  to  de- 
termine how  the  future  navy  of  Eriirlaiid  shall  be  built;  how  it  should 
be  armed  ;  and  under  what  conditions  it  can  best  maintain  the  supre- 
macy of  the  seas.  This  question  does  not  exclusively  cunfine  itself  to 
armour-plated  vessels,  but  aim  to  the  construction  of  ships  which,  in 
every  case,  should  lie  strong  and  powerfld  enough  to  oonteod  against 
either  winds  and  waves  or  to  battle  with  the  enemy.  It  is  for  these 
reasons  that  I  have  ventnred  to  direct  attention  to  the  strength  of  vc8t«ISy 
and  to  show  that  some  of  our  mercantile  ships  are  exceedingly  wealc, 
arising^  prob;\1)Iy  from  causes  of  a  mistaken  economy  on  the  ofjc  hand, 
or  a  deticiency  of  knowledge  or  neglect  of  first  principles  on  the  other. 
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Kow,  it  is  evident  that  our  future  ships  of  war  of  the  first  class 
must  be  long  and  shallow ;  moreover,  they  must  contain  elements  of 
strangth  aDd  pow«n  of  resistance  that  do  not  enter  into  the  construc- 
tion of  yoMcln  that  are  shorter  and  nearly  double  the  depth.  If  we 
take  a  first-rate  ship  of  the  present  oonstruetlon,  such  as  the  *  Duke  of 
Wellington/  and  compare  it  with  one  of  the  new  or  forthcoming  con- 
strucnf»n,  carrying  the  same  weight  of  ordnance,  we  should  require  a 
vessel  nearly  twice  the  length  and  little  more  than  half  her  depth. 
Let  us,  for  example,  suppose  the  '  Duke  of  Wellington  *  to  be  340  feet 
luug  aud  60  ieel  deep,  and  the  uew  construction  oOO  feet  luug  und 
46  ieet  deep ;  we  should  then  have  for  the  resistance  of  the  *  Duke  of 
Weilii^tnn '  to  a  transTene  strain  tending  to  break  her  back, 

V 

Taking  60  as  the  constant,  and  the  area  of  the  bottom  and  upper  deck 
aa  loS)  square  inches  we  have 

1060  X  60  x_60^j^^23  tons,  " 


W  = 


340 


as  the  weiijht  that  would  break  her  in  the  middle.  Let  us  now  take 
the  new  ship,  and  give  her  the  same  area  top  aud  bottom,  aud  agaiu 
we  have 

_  1060  X  46  X  GO 


600 


:=  5851  tonsy 


which  is  little  more  thau  iialf  the  strength.  From  this  it  is  obvious — if 
we  are  correct  in  our  calculations — that  the  utmost  care  and  atten- 
tion is  requisite  in  design  and  constniction  to  ensure  stability  and 
perfect  secorilj  in  the  bidld  of  ships* 

•  » 

3Tccha7iical  Properties  of  Iron. — It  is  unnecessary  to  give  more 
examples  in  regard  to  Mtrengtii,  anrl  the  proportions  iluit  should  be  ob- 
served in  fhe  constructiou  of  our  future  ii;ivy.  I  have  simply  directed 
attention  to  it  as  a  subject  of  great  iuiportauce,  and  one  that  I  am 
satisfied  will  receive  careful  consideration  on  the  part  of  the  Admiralty 
and  the  Comptroller  of  the  Navy. 

The  next  question  for  consideration  is,  the  properties  of  iron  best 
calcolated  to  resist  the  penetration  of  shot  at  high  velocities,  and  in  this 
I  am  fortunate  in  having  before  me  the  experiments  of  the  Committee 
on  Iron  Plates,  which  ninv  hr*  omiMicTated  as  nf)(!er  r  — 


Specific 
Gravity. 

Tensile  Strongth 
in  Tons  per 
Square  liich. 

1 

Compression 
per  Unit  of 
L^DHthinToDs. 

Statical 
Kesihtance  to 
Punching  in 

Tons; 
1-inch  Plate. 

7'7621 

24*802 

14-203 

40  1804 
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licmarks. — The  specimens  subjecteH  to  coiiipres.««ioii  gradually 
squeezed  dowu  to  one-half  their  origiiial  height,  incrfasiog  at  the  saxue 
time  In  diameter  till  they  attained  90  tons  on  the  square  inch. 

In  these  ezperimenta,  four  descriptions  iron  were  seleeted, 
marked  A,  C,  D :  the  two  first  and  last  were  taken  from  rolled  and 
hanunered  iron  plates,  eioepting  C,  which  was  homogeneous^  and  gave 
higher  results  to  tension  and  dead  pressure  than  theothen. 

In  density  and  tenacity  they  stood  as  follows: — 


Msrk  on  Pistes. 

Tenacity  in 
Tons. 

Beinsrks. 

C  Plates,  homogeneous  • 

7*8063 

7-7035 
7-9042 
7*6322 

24-644 

23-  354 
27-032 

24-  171 

1 

Here  it  will  be  observed,  that  the  strengths  are  in  the  ratio  of  the 
densities,  excepting  only  the  B,  plates,  w  }iich  deviate  from  that  law. 

On  the  resistance  to  comprt'^^ion,  it  will  be  pccn  that  in  isone  of 
the  experiments  was  the  specimen  actually  crushed ;  but  they  evidently 
gave  way  at  a  pressure  of  13  to  14  tons  per  square  inch,  and  were  con- 
siderably cracked  and  reduced  iu  height  by  increased  pre&»ure. 

From  the  experiments  on  punching,  we  derive  the  resistance  of 
A,  C,  D  plates  to  a  flat-ended  instrument  foioed  through  the  plate 
by  diMd  pressure,  as  follows :~ 


Shesring  Strain 
Msrk  on  Plsftos.        in  Tons  per 

Square  Inch. 

Batio,  tsking 
A  ss  Unity. 

A  Plates  .    .  19-311 

B  Plates  .    .  17-719 
C  Plates   .    .  27-704 
D  Plates  .    •  17-035 

1-000 

0-  907 

1-  168 
0:873 

Here  may  be  noticed,  that  the  diflbenoe  between  the  steel  plates  of 

series  C,  and  the  iron  plates  of  series  A,  is  not  considerable,  though  in 
all  the  others  the  steel  plates  exhibit  a  superiority  in  statical  resistance. 

HaviniT  ascertained,  by  direct  experiment,  the  mechanical  re>ist- 
aiyce  of  ditierent  kinds  of  iron  and  steel  plates  to  forces  tf  ncliTr^  to 
rupture,  it  is  interesting  to  observe  the  close  relation  wliicli  exists 
between  not  only  the  chemical  analysis  as'obtained  by  Dr.  Percy,  but 
bow  nearly  they  approximate  to  the  foree  of  impact,  as  exhibited  in  the 
experiments  with  ordnance  at  Shoeburyness. 

Dr.  Percy,  in  his  analysis,  obserTcs,  that  of  all  the  plates  tested  at 
Shoeburynes!!,  none  have  been  found  to  resist  better  than  those  lettered 
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A,  B,  C|  D,  with  the  exception  of  C.  The  iron  of  plate  E  contained 
lees  phosphorus  than  either  of  the  three,  A,  B,  D ;  and  it  is  clearly 
established  that  phosphorus  is  ao  impurity  which  tends  in  a  remarkable 
degree  to  render  the  metal  ^eoM  short,**  ue.  brittle  when  cold. 

The  following  table  shows  the  cbemioal  oompodtion  of  these  Irons * 


Hark. 

CarbooL 

Sulphur. 

Pboqphovus* 

Siliem.    I  Hanganete. 

A 

0  01636 

0104 

0-106 

0-122 

0-28 

B 

0- 03272 

0'121 

0-173 

0160 

0-029 

C 

0-023 

0-190 

0  020 

0-014 

0110 

D 

0-0436 

0-118 

0-228 

0-174 

0-250 

E 

0  170 

0-0577 

0-0894 

O-llO 

0-330 

Comparing  the  chemical  analysis  with  flir  niecbanical  properties  of 
the  irons  experimented  upon,  we  find  that  the  preset  e  of  0*23  percent, 
ot  carbou  causes  brittleness  in  the  iron ;  and  this  was  found  to  be  the 
case  in  the  homogeneous  iron  plates  marked  C ;  and  although  it  was 
fi>and  equal  to  A  plates  in  its  resistance  to  tension  and  oomprenion,  it 
was  yerj  inferior  to  the  others  in  resisting  concussion  or  the  force  of 
impact.  It  therefore  follows,  that  tong  f  iness  combined  with  tenacity  is 
the  description  of  iron  plate  best  adapted  to  resist  shot  at  higli  veloci- 
ties. It  is  also  found  that  wrought-iron,  which  exhibits  a  fibrous 
fracture  when  broken  by  bendinjif,  presents  a  widely  different  aspect 
wlien  suddenly  snapped  asunder  by  vibration,  or  by  a  sliarp  blow  from 
a  shot.  In  the  former  case  the  hbre  is  elongated  by  bending,  and  be- 
comes developed  in  the  shape  of  threads  as  fine  as  silk,  whilst  in  the 
ktter  the  fibres  are  broken  short,  and  exhibit  a  decidedly  eiystalline 
fracture.  But,  in  fact,  every  description  of  iron  is  crystalline  in  the 
first  instance  i  and  these  crystals,  by  every  succeeding  process  of  ham- 
mering*, ro!linof,  &c.,  become  elonp:atefj,  and  rej^lvo  themselves  into 
tibr^.  There  i^,  therefore,  a  wid*  (liiirit  iK  e  in  the  appearance  of  rho. 
fracture  of  iron  wjien  broken  by  tearin^^  and  bunding,  and  when  brokt  rj 
by  impact,  where  time  is  not  an  element  in  tlie  force  producing  rupture. 

If  we  examine  with,  ordinary  care  the  state  of  our  iron  manufacturo 
as  it  existed  balf-a-century  ai;o,  we  shall  find  that  our  knowledge  of  its 
properties  was  of  a  very  crude  and  most  imperfect  character.  We  have 
yet  much  to  learn,  but  tlie  necessities  arising  from  our  position  as  a 
nation  and  the  changes  bj  wliich  we  are  surrounded,  will  stimulate  our 
exertions  to  the  acquisition  of  knowledge  and  the  appllration  of  science 
to  a  more  extended  invc-runtion  of  a  material  destiiK  d,  in  course  of 
time,  to  become  the  bulwark  of  the  nation.  It  is,  therefore,  of  primary 
iniportauce,  that  we  should'  make  ourselves  thoroughly  acquainted,  not 
only  with  the  mechanical  and  chemical  properties  of  iron,  but  we  should 
moreover  be  able  to  apply  it  in  snch  forms  and  eonditiotts  as  are  best 
calculated  to  meet  the  requirements  of  the  age  in  which  we  live. 

Entertaining  these  views,  I  cheerfully  commenced  with  my  talented 
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cuUeagues  llie  laborious  iuvebtigations  in  which  we  are  now  engaged, 
and  looking  at  the  results  of  the  reeent  experiment  with  the 300-pounder 
gun  on  the  one  hand,  and  the  resisting  taigets  on  tlie  other^  there  is 
eveiT  prospect  of  an  arduous  and  longHXintioued  contest* 

From  the  Manchester  experiments,  to  which  I  have  alluded,  we 
find  that  with  plates  of  different  thicknesses,  the  resistance  varies  directly 
as  the  thickness,  that  is,  if  the  thickness  be  as  tlie  numbers  1,  2,  3,  &c., 
the  resistance  will  be  as  1,  2,  3,  &c. ;  but  those  obtained  by  impact  at 
Siioeburyiie>>  bliuw,  that  up  to  a  certain  thickness  of  plate,  the  resbt- 
ance  to  projectiles  increases  nearly  as  the  square  of  the  thickness.  Thai 
is,  if  the  thickness  be  as  the  numbers  1,  2,  8^  4,te,  the  resistance  will 
be  as  the  numbers  1,  4,  9,  16,  Ac  respectively.  The  measure  there- 
fore (tf  the  absolute  destructive  power  of  shot  is  its  vis  visa,  not  its 
momentum  as  lias  been  sometimes  supposed,  but  the  work  accumulated 
in  it  varif'^  directly  as  the  weight  of  the  shot  multiplied  iuto  the  square 
of  the  veiocitv. 

There  is  tiierefore  a  great  difference  between  statical  pressure  and 
dynamieal  effect ;  and  in  order  to  ascertain  the  diflerence  between  flat- 
ended  and  round-ended  shot,  a  series  of  exp^iments  were  undertaken 
with  an  instrument  or  punch  exactly  similar  in  siie  and  diameter  and 
pi^cisely  corresponding  with  the  steel  shot  of  the  wall  piece  '85 
diameter  employed  in  the  experiments  at  Shoeburyaess*  The  remilt* 
on  Uie  A,  B,     and  D  plates  are  as  follows 


Reaistfuioe  in  lbs. 

Ghsiaeter  of  Flatsi. 

Punch 
Flftt^nded. 

Punch 
BowdHUidfld. 

Half-inch  thick 

Tliree-quarter-inch 
thick  .    •    •  ' 

A  Plates  .  . 
B  Plates   .  . 
C  IMates   .  . 
D  I'lates   .  . 
B  Plates  .  . 
D  Plates  .  . 

67,956 
57,060 
71,035 
49,080 
b4,587 
82,^81 

61,886 
48,788 

85,524 
43.337 
98,42U 
98,571 

Mean  .    «  • 

67,017 

72,754 

Tiiese  figures  show,  that  the  statical  resistance  to  punching  is  alxmt 
the  same  whether  the  punch  be  flat^eoded  or  round-ended,  the  mean 
being  in  the  ratio  of  1000 :  1085  or  8^  per  cent,  greater  in  the  round- 
ended  punch.  It  is,  however,  widely  different,  when  we  consider  the 
depth  of  indentation  of  the  flat-ended  punch  and  compare  it  with  tliat 
produced  by  the  round-ended  one,  which  is  3^  times  greater.  Hence, 
we  derive  this  remarkable  deduction,  that  whilst  the  statical  resistance 
of  plates  to  punching-  is  nearly  the  same,  whatever  may  be  the  form  of 
the  punch,  yet  the  dynamic  resistance  or  work  done  in  punching  is 
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twice  as  great  with  a  round-ended  punch  as  with  a  Ihit  etidt d  one. 
Thb  of  couFMi  onl^  approximately  expresses  the  true  law  ;  bum  exhibita 
a  remarkable  ooineideooe  with  the  resulta  obtaiDed  by  ordnance  at 
Shoeburynen,  and  ezplaine  the  difference  which  has  been  obeerved  in 
theie  ezperimeuts,  more  particularly  in  thoee  instances  where  round 
thot^was  discharged  from  Bmooth-bored  guns  at  high  velocities.  To 
show  more  elofirly  the  dynamic  effect  or  work  done  by  the  weight  of 
shot  whioh  St!  uc  k  some  of  the  targeU  at  diii'ereat  veiocitieS|  the  I'ollow- 
ing  ret>ult;>  have  been  obtuioed* 


TABaar. 

Weight 
of  Shot 
striking 

Target ; 
lbs. 

Work  done  oo  Target, 

Total 
Poet  lbs. 

Per  Square  Foot, 
Foot  lbs. 

Thomeycroft  8-inch  Shield 
Thomeycroft  lO-inch  Embrasure 
Koberts's  Target    .     •    •  . 
Fairbairn*s  Target  ,    •    •  • 

Warrior  Target 

1253 
1511 
946 
1024 

3229 
G410 

822,000 
324,000 
312,000 

29,078,000 

37,140,000 
19,726,000 
23,311,000 
62,570,000 

124,098.780 

I 

From  the  above,  it  will  be  observed,  that  the  two  last  targets  have 
sustained  in  work  dune  what  would,  it  concentrated,  be  sufficient  to 
sink  the  largest  vessel  in  the  British  navy. 

We  are  all  acquainted  with  the  a})p('arances  aud  physical  character 
of  artillery,  but  few  are  conversant  with  the  nature  of  the  operations 
and  the  eticcts  produced  by  shot  on  the  sides  of  a  ship  or  on  resisting 
forts  and  targets. 

The  shot  of  a  gun — ^to  use  the  expression  of  my  colleague,  Mr. 
Pole — ^is  simply  the  means  of  transferring  mechanical  power  from  one 
place  to  another.  The  gunpowder  in  the  gun  developes  by  its  com- 
bustion a  certain  quantity  of  mechanical  force,  or  work  as  it  is  now 
called,  and  the  object  of  die  shot  h  to  convey  this  work  to  a  distance, 
and  apply  it  to  an  object  Mipposud  to  he  otherwise  inaccessible.  The 
effect  of  lhi^*,  according  to  iVlr.  Pole's  formula,  is — 

W  =  weight  of  the  shot  in  lbs. 

y  s  its  velocity  in  feet  per  second* 

Then,  by  the  principle  of  vu  viva,  the  quantity  of  work  stored  up 
by  the  moving  mass,  measured  in  lbs.  one  foot  high,  is — 

W  V* 

being  tlie  force  of  gravity  =  32}. 
Thus,  if  we  have  a  shot,  like  that  recently  used  against  the  *  Warrior* 
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target,  156  lbs.,  moviiig  at  the  rate  of  - 1700  feet  p«r  lecond,  the  work 
done  wUl 

156  X  mooy 

=   ^      ^  =  7,008,238  one  foot  high. 

Showing  at  once  the  immense  power  that  this  small  body  is  able  to 
deliver  ou  every  resistiog  luedunn  tendiug  to  arrt^t  its  course  and  bring 
its  particles  to  a  state  of  rest.  Or,  in  other  words,  it  is  equivaleot  tu 
iBuiDg  upwards  of  3000  tons  a  foot  high  in  the  air. 

The  AfpiieaHon  qf  Iron  for  PurpOHM  €f  Defemee, — Having  exa- 

mined  in  a  very  condensed  and  cursor}'  manner  the  present  state  of  our 
knowlffli^^e  in  regard  to  iron,  and  its  application  to  the  purposes  of 
siiipliuildiiig,  let,  us  now  cunsider  in  what  form  and  under  what  circnrn- 
stauces  it  can  best  be  applied  for  the  security  of  our  ves&els  and  furt^. 
To  the  latter  the  answer  is,  Make  the  battery  shields  thick  enough  :  but 
a  Tery  different  solution  is  required  for  the  navy,  where  the  weight  and 
thickness  of  the  pUtes  is  limited  to  the  carrying  powers  of  the  sliip. 
It  has  been  obswred  with  some  truth  that  we  liave  learnt  a  lesson  from 
the  recent  naval  action  on  the  American  waters  ;  but  it  must  be  borne 
in  mind  that  neither  of  the  vessels  engn!2re<!  nor  the  ordnance  employed 
were  at  all  conipaiable  to  what  have  been  used  at  Shoeburj'ness. 

To  those  who,  like  myself,  have  gone  through  the  whole  series  of 
experiments,  the  late  engagement  will  appear  instructive,  but  not  cal- 
culated to  cause  any  great  aiarm,  nor  yet  eff^t  any  other  changes  than 
diose  primarily  contemplated  by  the  Government,  and  such  as  have 
been  deduced  from  our  own  experiments.  It  is,  nevertheless,  quite 
evident  that  our  future  navy  must  he  entirely  of  iron ;  and  judging 
from  the  last  experiment  with  the  Armstrong  sniootli-bore  g-nn,  it  would 
almost  appear  as  a  problem  yet  to  be  solved,  whetlier  our  siiips  of  war 
are  not  as  safe  without  iron  armour  as  with  it.  If  f)iir  new  construc- 
tion of  ships  are  strong  enough  to  carrj'  armaments  of  300-)>ounder 
guns,  which  is  assumed  to  be  the  case,  our  plating  of  C  or  7  inchee 
Slick  would  he  penetiated,  and  probably  become  more  destructive  to 
those  on  board  than  if  left  to  make  a  free  passage  through  the  sliip. 
In  this  case  we  should  be  exactly  in  the  same  position  as  we  were  in 
former  days  with  t!io  wooden  walls;  but  with  this  diflerenee.  tliat  if 
built  of  iron  ship  would  not  take  fire  and  mijjht  be  made  shell 
proof.  It  is,  iui\M  ver,  very  different  with  forts,  where  weight  is  not  a 
consideration,  and  those  I  am  persuaded  may  be  made  sufficiently  strong 
to  resist  the  heaviest  ordnance  that  can  be  brought  to  bear  against 
them.  In  this  statement  I  do  not  mean  to  say  that  Aliips  of  war  should 
not  be  protected ;  but  we  have  yet  to  learn  in  what  form  this  protection 
can  be  effected  to  resist  the  last  powerful  ordnance^  aod  others  of  still 
gfreater  force  which  are  looming  in  the  distance^  and  are  sure  to  fulluw. 

A  great  outcry  hits  been  raised  about  the  inutility  of  foits  :  and  the 
Government,  iti  ctitnpii  ince  with  the  general  wish,  has  suspemli  d  those 
at  Spithead  :  1  liuuk  improperly  so,  as  the  recent  experimeuLs  at  bhoc- 
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buryness  clearly  (lcmon«tnite  that  no  vessel,  however  well  protected  by 
arfnour  plate:^,  could  resist  the  ettects  of  such  powerful  artillery  ;  and 
instead  ot  tiie  contest  between  the  *  Merrimac  '  aud  the  '  Monitor,'  and 
that  of  the  300-pounder  gun  being  against,  they  are  to  every  appearance 
in  favour  of  forts.  Should  this  be  correct,  we  have  now  to  consider 
how  we  are  to  meet  and  how  lesiit  the  smaahing  force  of  raeb  powerful 
ordnaooe  ai  was  levelled  against  the  *  Warrior '  target. 

Duriog  the  whole  of  the  experiments  at  Shoeburyness  I  have  most 
intently  watched  the  effects  of  shot  on  iron  plates.  Every  d^ription 
of  form  and  quality  of  iron  has  been  tried,  and  the  results  are  still  far 
from  satisfactory  ;  and  this  is  the  more  apparent  since  the  intro<iuction 
of  the  large  300-pounder,  just  at  a  time  when  our  previous  experinients 
were  £urly  on  the  balance  with  the  40,  G8,  ILO,  and  126-pounder8. 
They  now  appear  worthlesB,  and  nothing  Is  left  but  to  begin  our  labours 
again  novo* 

It  has  been  a  question  of  great  importance,  after  having  determined 
the  law  of  resistance  and  the  requisite  quality  of  the  iron  to  be  used  as 
armour-plates,  how  these  plates  should  b**  supported  and  attached  to  the 
g.ides  of  the  ship.  Great  difference  of  opinion  continnes  to  exist  on 
this  subjeet, — some  are  for  entirely  dispensing  uitli  wiK  ii;  probably 
the  greater  number  coulend  for  a  wood  backing,   the  same  as  tlie 

*  Warrior'  and  tlie  'Black  Prinee.'  I  confess  myself  in  the  minority 
on  this  ouestion ;  and,  judging  from  the  experiments,  I  am  inclined  to 
believe  mm  past  expenence  that  wood  combined  with  iron  is  inferior 
to  iron  and  iron  in  its  power  of  resistance  to  shot;  and  I  am  fully  per- 
suaded that  ultimately  the  iron  armour-plates  must  be  firndy  attached 
to  the  side,  technically  called  tiieskin,  of  the  ship.  It  nitist,  moreover, 
form  part  of  the  sidp  itself,  and  be  so  arranged  and  jointed  as  to  give 
security  and  stability  to  the  structure. 

The  experiments  instituted  by  the  Committee  ou  Iron  Plates  have 
been  well  considered  and  carefully  conducted :  they  commenced  with  a 
aeries  of  plates  selected  from  different  makers  of  varying  thicknesses, 
and  these  have  been  tested  both  as  respects  quality  and  their  powers  of 
lenstance  to  shot.  They  have,  moreover,  been  placed  at  different 
anjxles  and  in  a  variety  of  positions,  and  we  had  arrived  at  the 
desired  point  of  security,  when  the  thundering  300  pounder  smooth 
bore  upset  our  calculations  and  levelled  the  whole  fabric  with  the 
ground.  We  aje,  iiowever,  not  yet  defeated  ;  and  true  lo  the  national 
character,  we  shall,  like  the  knights  of  old,  resist  to  the  last — 

"  Aoii  though  our  legs  are  smitten  aS, 
We'll  fight  upon  our  ttomps." 

And  til  us  it  w  ill  be  with  the  Iron  Committee  and  the  Armstrong 
aud  the  Whitworth  guns. 

In  conclusion,  allow  me  to  direct  attention  to  a  drawing  of  the 

*  Warrior'  target,  with  wood  backing  and  its  com|)eer  entirely  of  iron. 
The  first  underwent  a  severe  battering,  previous  to  the  attack  from  the 
800-pounder,  but  the  other  sustained  still  greater,  with  less  injury  to 
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the  plates,  notwithstanding  the  failure  of  the  bolts  in  the  first  experi- 
ment. It  must,  however,  be  admitted  that  plates  on  wood  backing; 
have  certain  advantages  in  soiteuiug  the  blow,  but  this  is  dune  al  ihe 
exgeoBB  of  the  plate,  whicli  Is  maoh  mm  directed  and  dnfea  ioto  the 
wood,  whieh,  from  its  oomprenibiUtj,  preaeols  a  feeble  support  to  the 
force  of  impact.  Again,  with  wood  intervening  between  the  ship  and 
the  iron  plates,  it  b  impossible  to  unite  them  with  long  bolls  so  as  to 
impart  additional  stren;:^tli  to  it  ;  on  the  eontmry,  they  hang  as  a  dead 
weight  on  licr  sides  with  a  constant  tendency  to  tear  Iter  to  pieces. 
Now,  witii  iiuii  on  iiDi)  we  arrive  at  very  different  and  stjpt  rior  results. 
In  the  latter,  the  armour-plates,  it  properly  applied,  will  coustitule  the 
strength  and  niS9t|rof  the  structure ;  and,  notwithsUmUiog  the  increased 
vibFation  arising  from  the  force  of  imnaot  of  heavy  shot,  we  are  more 
secure  in  the  inTuliierability  of  the  plates  and  the  superior  resiatance 
which  they  present  to  the  attack  of  the  enemy's  guns.  In  these  re- 
marks I  must  not,  however,  attempt  to  defend  iron  constructions  where 
they  are  not  defensible,  and  I  am  bound  to  state  that  in  con>tructions 
exclusively  of  iron  tliere  is  a  source  of  danger  which  it  is  only  fair  to 
notice,  and  tliat  is,  that  the  result  of  two  or  more  heavy  shot,  or  a  well 
concentrated  fire,  might  not  only  penetrate  the  plates  but  break  the 
ribs  of  the  slup.  This  occurred  in  the  last  eiperiment  on  my  own 
target,  where  a  salvo  of  six  guns  concentrated  four  on  one  spot,  not 
more  than  14  inches  diameter,  went  through  the  plates  and  carried 
away  a  part  of  the  frame  behind.  The  same  effect  might  have  taken 
place  on  flio  '  Warrior '  target ;  and  certainly  9  inches  of  wood  is  of 
little  value  when  assailed  by  a  powerful  battery  of  heavy  ordnance  and 
a  well  concentrated  fire.* 

In  closing  these  remarks,  I  have  every  confidence  that  the  skill  and 
energy  of  this  country  will  keep  us  in  advance  of  all  competitofe,  and 
that  a  few  more  years  will  exhibit  to  the  world  the  Iron  Navy  ofSng^ 
ktndf  as  1^  M  wUh  iti  Wooden  Waib^  tmeon^fuerable  on  eoery  sea* 

*  Since  the  n^nvc  was  •writfen,  another  experiment  has  b<^cn  mnJe  on  the 
*  Warrior '  tarfi;et  with  the  dOU-pounder  smooth-bore  gun.  From  thi8  it  appears 
that  the  wood  backing  between  the  armoar  plates  and  Ae  skin  of  the  ship  oaonot 
safvly  he  dispensed  with,  and  that  some  compressible  or  softer  substance  than  iron 
and  iron  is  necessary  to  deaden  tiie  blow,  and  absorh  the  fragments  of  the  shot  and 
the  broken  plates,  which  in  this  instance  lodged  in  tlie  w  ood,  and  did  not  perforate, 
hat  only  cracked,  the  skin  of  the  target.  Fr  >ni  this  fact  it  eaanoC  be  denied  that 
this  exy»friment  is  more  satisfactory  than  tliose  on  the  iron  on  iron  targets:  nnd 
however  desirous  it  may  t>e  to  realize  a  more  effective  coDstruction  as  regards  the 
strength  of  the  ship,  it  cannot  he  donbted,  in  so  ikr  as  the  secnrity  of  the  ship 
and  the  lives  of  tlio^e  on  board  are  concerned,  that  a  vessel  with  wood  backing  ia 
safer  in  action  than  one  composed  entirely  of  iron.  In  the  present  state  of  our 
knowledge  the  experiments  are  therefore  I4^nst  iron  and  iron,  as  regard*  security 
from  the  elliMla  of  siiot,  bat  they  are  nnihmtahle  as  leapeets  the  stienglfa  of  the 
•hip. 
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W£EELY  EVENING  BiEETING, 

Friday,  Hay  16,  1862. 

Sib  Hbhby  Hollaho,  Bart  M.D.  D.CX.  F.R.S.  Yioe-FkcsideDt, 

in  the  Chair. 

JoBN  ScovT  RmBLL)  Esq. 
On  the  Iron  WaUs  ^  EngiantL 

It  was  not  the  first  time  the  speaker  liad  been  allowed  thf  honour  of 
expounding  such  truths  as  had  been  the  object  of  his  special  studv, 
but  he  had  never  treated  on  one  of  so  great  uaUoual  importance,  lie 
was  iom«irhat  rash,  perhaps,  in  accepting  from  th«  Managm  the  titl« 
of  tlila  addreaSy — rash  became  the  subject  was  then  m  a  itate  of  transi- 
tion. It  was  even  worse  now,  for  it  had  come  to  what  geologists  had 
called  a  slip he  might  almost  say  he  found  himself  at  fault.'' 
"What  he  liad  to  say  nnw  was  as  different  as  possible  from  what  he 
should  have  said  when  he  made  tiie  promise.  Six  or  eight  months  op^o 
he  should  have  met  hore  a  formidable  phalanx  of  adversaries — amongst 
them  nearly  all  the  naval  odicers — arrayed  against  him  as  the  advocate 
of  iron  sliips  of  war,  and  he  should  have  had  to  argue  every  point  as 
he  proceeded.  But  unfortunatdy  now  we  were  all  on  one  side ;  the 
pugUistic  encounter  which  might  then  have  entertained  his  audience 
could  not  come  off.  Twelve  months  ago  he  had  written  a  pamphlet 
showing  that  the  end  of  wooden  men-of-war  was  at  hand,  and  that  it 
was  a  sin  and  a  shame  to  send  our  sailors  to  sea  in  them ;  but  the 
authuritit  s  of  that  day  brouiiht  their  gum  to  bear  upon  him  and  com- 
pletely (iiiuuli>lnMl  hini.  Since  then,  however,  he  had  got  up  again; 
and  his  heterodoxy  had  become  orthodoxy,  and  he  thougiit  there  would 
be  no  opponent  of  iron  walls  "  for  the  future.  About  the  beginning 
of  the  ^ear  we  were  on  the  eve  of  war  with  a  people  who,  whatever 
their  faults,  have  never  hesitated  to  adopt  for  war  the  fittest  weapons, 
— who,  long  before  rifles  were  introducid  into  our  army,  were  cele- 
brated for  their  use  of  them  and  for  their  manufacture, — to  whom  we 
are  in<\f'htf<l  for  the  revolvers  we  found  so  useful  in  India,  and  which, 
whether  they  invented  them  or  not,  tliey  brought  to  perfection.  That 
people  excelled  also  in  ships ;  for  while  the  English  people,  priding 
'  themselves  on  the  beautiful  "  wave  lines  *'  on  wliich  their  fast  steamers 
were  built,  were  slow  to  perceive  the  advantage  of  the  same  lines  for 
sailing  ships ;  the  Americans  adopted  them  for  their  sailing  vessels, 
and  came  over  and  beat  our  fleetest  yachts  in  our  own  waters.  It 
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was  the  Americans,  too,  who  tirst  built  hliips  of  large  size,  and  carried 
off  our  hi^i  freights  in  their  large  wave-Iiiie  clippers.  ^V'heu  going  to 
war  with  such  a  powerful  nation  it  became  necessary  to  take  stock 
of  our  lighting  materiaL  The  GovennneDt  did  take  stock  of  your 
fleet ;  and  (he  eKtent  of  your  navy»  fit  for  a  naval  battle,  at  the  ban- 
ning of  the  ]tfeient  year — as  announced  in  a  powerful  leader  in  the 

*  Times* — was  one  ship  of  the  line.  At  the  present  moment  we  have 
two  ships  of  the  line  fit  for  service,  the  *  Warrior  *  and  the  *  Black 
Prince,*  and  no  more.  This  serious  point  is  no  longer  a  matter  of 
speculation.  It  is  now  uuiversally  accepted  as  a  fact, — and  accepted 
by  us  on  a  very  small  naval  engagement  in  American  waters,  the  con- 
test of  the  'Merrimac*  and  ^Monitor/ — ^that  an  iron  vessel  of  war  is 
better  than  a  wooden  .one;  while  the  battle  of  the  ^Merrimac'  with 
llie  *  Congress'  and  *  Cumberland*  has  settled  the  point  in  dispute 
eight  or  nine  months  ago,  viz,  that  a  wooden  vessel  could  not  sustain  the 
attack  of  a  ship  of  war  in  iron  nrmonr.  Sir  John  ITay,  tho  rlmirman 
of  the  naval  conunission,  is  quoted  ia  an  excellent  article  in  the  'Quar- 
terly Rev  iew,'  as  usiii^  this  expr*  ssii m, — "  The  mar!  goes  into  action 
ill  a  wooden  vessel  i&  a  ibol,  and  tiie  man  whu  bcnda  liiia  liiere  is  a 
villain.'' 

Ltet  US  now  inqnire  how  this  revolution  has  come  about.  How  is  it 
that  onr  brave  sailors  ouglit  no  longer  to  face  our  enemies  from  beliiiid 
our  wooden  walls  ?   This  revolution  has  been  chiefly  brought  about  by 

the  introduction  in  artillery  of  horiznntfrl  shell-Jhing.  A  certain 
Gpticrnl  Paixhans,  a  Frenclnnan,  contributed  more  than  any  one  elae 
to  tliis  n  iiilt.  lie  made  caimon  of  eiL^ht  to  ten  inches  bore,  by  which 
explosive  shells — which  previously  had  been  fired  up  in  the  air  and 
had  to  come  down  again  upon  their  object — could  then  be  fired  straight 
at  the  mark,  especially  at  a  wooden  ship,  which  was  as  good  a  target  as 
an  enemy  could  possibly  desire.  This  horizontal  firing  was  Ibr  a  long 
time  a  favourite  idea  with  artillerists  ;  but  they  had  very  little  oppor- 
tunity of  trying  it  in  practical  war.  Sir  Howard  Douglas,  speaking  of 
its  effects,  says,  "  a  ^:hell  exploding  between  declcs  acts  in  every  di- 
rection;  under  the  deck  it  would  blowup  all  above  it  ;  on  deck  it 
would  make  a  prodigious  breach  below  it,  at  the  same  time  that  it 
would  act  laterally/'    The  shell  which  accidentally  exploded  in  the 

*  Medea/  on  the  lower  deck,  killed  the  bombardier  and  several  of  the 
creWf  knocked  down  all  the  bulkheads,  and  threw  the  whole  squadron 
into  consternation  ;  and  the  like  effect  was  to  be  expected  from  an 
enemy's  shell  lodged  before  its  explosion  had  taken  place.  The  first 
experiment  on  a  large  scale  in  actual  war  was  at  tlip  commencement  of 
the  l^iRsian  war.  The  Russian  fleet,  sneaking  about  the  Black  Sea, 
].iit  into  Sinope,  and  in  a  very  short  space  of  one  morning  sank  and 
burnt  tlte  Turkish  squadron.  This  battle  was  tiie  entire  effect  of  hori- 
xontal  shell^firing.  The  true  nature  of  this  horitonCal  fire  lias  had 
another  illustration.  Ton  were  all  astonished,  and  wanted  to  know 
why  Sir  Charles  Nai)ier  did  not  take  Cronstadt,  and  that  our  other 
fleet  did  not  take  Sebastopol.  It  was  well  known  t^Lprofessional  men 
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then  why  we  did  not,  and  there  isiiuw  no  reason  why  the  secret  iihould 
be  kept.   Our  enemies  know  it,  so  why  not  our  friends?   Our  sailon 
were  not  fools  enough  to  stsnd  to  their  guns  in  wooden  ships  ex))osed 
to  horizontal  shell-firing*   The  s|ieBker  bad  read  a  letter  from  Lord 
Dundonald,  one  of  the  bravest  sailors  that  ever  trod  thedeek,  written 
bv  him  to  Napier  off  Cronstadt,  in  wliich  lie  expresses  the  greatest  ap- 
prehension that  Sir  Ohnrles  would  be  goaded  on  to  try  the  attack  with 
what  he  called  conihustible  ships.    We  tried  Sebastopol — or  ratlier  we 
tried  to  "  make-believe."    We  drew  up  our  fleet  w  great  nay  ojf^  and 
one  or  two  brave  sailors  did  go  in  closer.    But  the  Uussian  gunners 
were  trained  to  boriaontal  shell-firing,  and  they  soon  found  out  it  was 
best  to  be  &rtheroff.   The  admual  was  to  be  considered  the  wisest  man 
on  board  the  fleet,  for  he  anehored  his  ship  the  fart Iiest  off.  Thoee 
ships  that  ventured  in  were  rendered  by  these  shells  incapable  of  con- 
tirjuing  the  action,  find  it  is  not  now  considered  a  disgrace  to  those 
sailors  to  say  that  after  three  shells  liad  expio<icd  in  one  ship  it  was  lurt 
possible  to  Hnd  men      fools  **  enough  to  stand  to  the  guns.    **  Now, 
you  know  why  we  did  not  take  Cronstadt ;  and  why  you  did  not  know 
it  sooner,  was  because  the  Government  did  not  wish  you  should  fail  to 
believe  in  the  wooden  walls.  At  last,  however,  the  '  Monitor '  and 
*  Merrimac '  have  let  out  the  secret,  and  I  am  here  to  tell  you  the 
whole  truth.   It  need  not  be  said  that  those  shells  at  Sinope  and 
Sebastopol  were  not  the  perfect  weapons  we  have  now— tlie  Armstrong 
shells  are  much  more  preci-e.  and  will  scatter  greater  destruction 
around  them.    How  much  more  1  may  not  tell. 

Attention  lias,  therefore,  since  1854  till  now,  been  strongly  directed 
to  inventions  for  protecting  ships  from  the  ejects  of  shells — and  shot 
also,  but  chiefly  shells.  Men  will  stand  against  shot,  but  not  agglost 
sheilr;  they  will  run  the  risk  of  being  hit,  but  will  not  face  the  cer- 
tainty of  being  blown  up.  The  invention  of  iron  armour  took  place 
fifty  or  sixty  years  ago.  He  was  not  prepared  to  name  the  first  in- 
ventor; but  loT?«i-  before  we  thought  of  using  it  in  our  nnvy,  Mr.  K.  L. 
Stevens,  a  celebrated  engineer,  of  New  York,  the  bnil<l<  r  of  some  of,..^ 
the  fasfest  steam-vessels  on  the  Hudson,  was,  he  thougiit.  the  inventor. 
Cerluiniy  Mr.  Stevens,  between  184o  and  1850,  gave  hiuiu  iuii  account 
of  experiments  made  in  America,  partly  at  his  own  and  partly  at  the 
State's  expense,  and  found  that  six  inches  thickness  of  iron-plate  armour 
was  sufficient  to  resist  every  shot  and  shell  of  that  day.  In  1845, 
he  (Mr.  Stevens)  proposed  to  the  American  Government  to  construct  • 
an  iron-plated  ship,  and  in  1854  the  ship  was  begun.  This  ship  is 
in  progress,  but  not  yet  finished.  Mr.  Stevens  is  thrrcff>re  the  inventor 
of  iron  armour  ;  but  no  doubt  the  first  man  who  applied  it  practically 
for  warlare  was  the  ihnperor  of  the  French.  In  1854  he  engaged  in 
the  Uushiao  war,  and  being  a  great  artillerist,  he  felt  deeply  what  his 
fleet  could  not  do  in  the  Black  Sea,  and  we  could  not  do  in  the  Baltic, 
and  so  he  put  his  wise  head  to  work  to  find  out  what  could  be  done. 
In  1814,  the  Emperor  built  some  floating  batterieS'-four  or  five;  we 
simply  took  his  design,  and  made  five  or  six. 
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He  had  called  the  introduction  of  ironoannonr  shipe,  Stevens's  and 
the  Emperor's ;  but  something  be  laid  claim  to  for  omselves.  Stevens 
used  thin  flat  plates  one  over  the  other ;  but  Mr.  Lloyd,  of  the  Admi- 
ralty, being  consulted  at  that  time,  did  express  his  opinion  that  solid 
4i-ineh  plates  would  be  more  effectual  than  the  six  inches  of  thickness 
in  a  congeries  of  plates.  I^fr.  Lloyd  has  some  of  the  merit  as  well  as 
the  Emperor  for  the  adujtiion  of  this  kind  of  annour.  'J'he  sj)eaker 
exhibited  a  model  of  the  hrbt  iron  batteries.  The  form,  he  said,  was 
not  very  handsome ;  in  fAttnti^  thcnr  mre  not  only  not  good  sea-boats, 
but  in  a  sea  good  for  nothing,  rhev  did,  however,  in  smooth  water, 
some  good  work  ;  at  least  three  of  the  French  Emperor^s  did*  We 
never  got  so  far.  They  went  to  the  Black  Sea — to  Kinburn  ;  and 
-when  they  came  back  tiiev  were  coveref!  with  the  marks  of  shot,  but 
not  one  of  them  was  seriously  duuiaged.  Tliis  proved  the  value  of 
these  coated  vessels,  and  so  cou\  ini  ed  the  Emperor,  that  he  wisely  de- 
termined tlie  iieet  of  Frauce  iu  iuture  should  be  an  iron  fleet.  We  all 
know  with  what  dedsion,  what  snccess,  what  economy  be  has  carried 
that  idea  out.  I  have  here,**  said  the  speaker,  the  means  of  show- 
ing yon  what  this  armour  is.  Now  to  tell  the  secret  of  the  efficacy 
of  an  armour  plate*  First,  as  a  matter  of  fact,  it  stops  tin  >liot,  as  an 
anvil  stops  a  hammer,  and  stops  it  outside  the  ship  ;  and  so,  therefore, 
the  armour  acts  pmctic-illy  as  an  anvil.  When  these  plates  werenin*l<? 
they  were  made  to  resist  S-j  ounders,  and  4|  inches  thickness  wasRinjile  ; 
but  now  they  were  liring  siiot  very  much  larger.  When  a  round  ball, 
or  a  round  shell,  strikes  the  iron  plate,  the  first  thing  done  is,  that  it  stops 
the  of  the  ball  that  first  touches  the  armour ;  neat,  the  bits  round 
it  rudb  on  until  th^  too  get  stopped  by  the  annour ;  and  so  this  UkU  (1) 
tiall  makes  a  dent  for  itself ;  the  remainder  of  the  cruslied  ball  seems, 
as  Mr.  Faraday  says,  to  be  'squermed*  out  of  shape.  I  stole  the 
word,  it  is  so  capitally  expressivo.  The  shape  is  not  like  the  oripiTKil 
ball,— it  is  au  entirely  new  form  altogetiier.  I  call  it 'Faraday's 
squerm.*  But  we  have  not  the  full  weight  of  mettle  here.  We  have 
only  a  part  of  the  shot  left,  the  remainder  is  dispersed  in  iiumerous 
fragments.  This  is  all  that  remains— a  beautiful  smooth,  polished 
cone;  the  rat  has  gone  everywhere.  What  meanwhile  has  happened 
to  the  annour  ?  The  plate  first  gets  a  dent ;  if  Sir  William  A  nustrong 
hits  it  twice  in  the  same  place  the  dent  gets  deeper ;  and  if  he  hits  it 
again  in  the  same  hollow,  as  he  so  malicionslv  dons,  the  dent  parts 
company  with  the  pUitt^  nnd  starts  on  a  voyage  ol  e.\|il(jralion  for  itself. 
But  if  this  ball  (loO-puunder)  were  used,  lam  sure  that  at  the  first 
hit  it  would  take  a  piece  of  its  own  size  away  with  it.  Now,  if  this 
occurs  with  a  solid  shot,  what  would  happen  with  a  hollow  ball  made 
to  explode,  and  fired  at  the  ship?  Fortunately  we  know  what  would 
happen.  We  have  seen  it  fired,  and  it  not  only  got  smadied  to  pieces, 
but  \i  forgot  to  explode;  and  the  only  excuse  that  can  be  made  for  this 
is  that  it  had  not  time  to  do  so.  T  do  not  know  if  vou  know  what  takes 
place  inside  of  a  gun  ;  hut  artillerists  know  it  takes  some  4  or  5-lOOOths 
of  a  second  for  the  explosion  to  go  from  one  end  of  the  charge  to  the 
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other.  Explosion  in  a  shell  also  takes  time,  and  what  happens  with  the 
shell  striking  the  armour  is  that  it  gets  shattered  to  pieces  and  the  pow- 
der scattered  about  before  it  has  time  to  explode ;  and  this  not  only 
with  four-inch  iron,  but  with  plates  a  great  deal  thinner.**  This  power 
of  aonihilating  shell  is  one  of  the  advantages  whieh  iron  bestows  on  a 
abipy  and  for  whieh  wood  is  powerless ;  and  open  this  very  fortanate 
ftd  the  new  •  principle  of  naval  construction  is  based,  for  whatever 
armour  will  do  against  shot,  it  will  infallibly  keep  out  the  shell.  What 
kind  of  armour  is  best  against  shell  and  what  against  sliot  is  still  a  sub- 
ject of  discussion.  The  most  important  results  were  being  worked  out 
by  the  committee  on  iron  plates  as  to  the  best  adaptation  of  armour  for 
the  purposes  we  want. 

To  the  speidLer'a  mlnd^  the  best  kind  of  amour  and'fhe  best  kind 
of  ship  was  that  combined  in  the '  Warrior/  Ther^  was  one  gun>deek, 
in  which  a  battery  of  guns  of  the  heaviest  calibre  was  placed,  and  thai 
battery  was  entirely  covered  with  iron  plates,  backed  with  eighteen 
inches  of  wood  lying  between  them  and  the  iron  skin  of  the  ship.  A 
great  ettbrt  was  now  being  made  to  ^ci  rid  of  this  wooden  backing, 
which  was  liable  to  rot  and  couiributed  no  strength  to  the  vessel. 
"When  an  etfective  iron  backing  was  constructed,  tiie  last  improvement 
would  be  got  that  was  looked  for  in  the  construction  of  an  armour- 
plated  ship.  He  then  explained  what  were  the  great  difficulties  to  con- 
tend with  in  the  construction  of  the  new  fleet.  There  was  no  diiBculty 
in  the  armour;  we  know  we  can  keep  out  the  shell  and  the  shot ;  for 
if  Sir  William  Armstrong  pushes  us  too  hard,  we  know  how  much 
more  iron  will  keep  him  out.  What  we  have  to  do  that  is  difficult,  is 
to  build  a  ship  that  will  not  merely  keep  out  shell  and  resist  shot,  but 
also  jfoftsrss  speed  with  good  »ea-gomg  qualities — a  monstrous  difficulty. 
The  problem  was  purely  one  of  naval  architecture.  The  difficulty 
arose  in  this  way :  the  iron  amour  phiced  a  very  great  weight  in  a 
very  bad  place ;  it- tended  to  make  the  ship  top-heavj,  and  '*cvank/' 
Ko'w  such  a  vessel  rolls^  and  a  very  heavy  roll  might  roll  her  upside 
under— an  event  to  be  avoided  as  long  as  possible.  The  puzzle  was, 
therefore,  to  mnke  a  stable  ship  that  should  stand  under  this  great 
top-w^ei^'ht  (li  armour,  and  be  a  good  sea-going  vessel.  The  first  iron 
batteries  were  totally  devoid  of  this  quality.  They  were  not  "ship- 
shape,'* but  "sea-chest"  shape.  'Ihose  we  sent  out  to  the  lUackSea — 
and  one  was  under  a  very  good  captain — ^never  got  there,  or,  if  they 
did,  they  never  did  anything  but  comeback  again.  He  referred  to  them 
bfcause  they  were  a  class  of  ships  that  were  now  being  agitated  for. 
The  question  was  now  being  entertained,  in  the  highest  quarters,  as  to 
whether  onr  new  fleet  of  vessels  should  be  fit  for  long  voyages  and  able 
to  eneonnter  iieavy  seas,  sijcli  as  ^ve^e  neeessary  for  the  protection  of 
our  eoloiilos  and  commerri^ ;  or  wli,  ther  they  should  be  made  unsen- 
wortliy  slow  vessels,  incapable  oi  luiiowing  the  enemy  if  he  ran  away, 
still  less  of  catching  him.  They  were  only  adapted  for  ^tuying  at 
home ;  and,  in  order  to  hurt  the  enemy,  the  enemy  must  come  to  them 
to  be  hurt. 

2m2 
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Mr*  Soott  Bossell  tlieii  weot  into  the  details  of  wbat  lie  advocated 
as  the  best  class  of  shot-ptoof  ▼easel—the  improved  *  Warrior'  cIms. 
This  class  was  58  feet  wide,  400  feet  loDg»  and  more  than  7000  tons  in 
size,  and  cost,  fully  armed  and  fitted  for  sea,  not  much  short  of  )ialf-a- 
million.  The  distinguishing^  cjuality  of  the  '  Warrior  *  was,  that  she 
had  proved  a  very  excellent  sea-going  vessel.  lie  was  happy  to  say 
that  four  more  of  this  class  were  buildino;',  and  two  already  built. 
Her  armour  consisted  of  4^-iiicU  iron  pluLusi,  aud  extended  over  tlie 
whole  length  to  be  protected,  and  came  down  about  6  feet  below  water* 
This  arrangement  of  armour  was  such,  that  its  centre  of  gravity  was 
brought  to  6  feet  above  the  water.  Now,  for  a  comfortable  ship  it 
was  held,  that  the  centre  of  gravity  should  be  near  tlie  water-line,  and 
this  was  therefore  a  problein  of  some  dithculty  ;  but  the  ship  had 
turned  out,  nevertheless,  a  faster  man-of-war  than  any  other,  and  also 
an  easy,  good  sea-boat. 

This  difficulty  of  top-weight  was  got  over,  in  Stevens's  early  armour 
vessel,  by  a  different  method  from  the  '  Warrior.'  Giving  up  the 
problem  of  a  sea-going  ship,  he  took  to  smooth  water,  and  built  his 
veffiel  much  on  the  mid-ship  section  of  a  London  barge ;  the  sides 
sloped  outwards  under  water,  and  sloped  inwards  above  water,  so  as  to 
form  a  narrow  upper  deck,  carrying  seven  guns,  the  angles  of  the  sides 
being  usually  a  little  above  water,  but  capable  of  being  sunk  to  the 
level  of  it  during  action.  So  little,  however,  was  she  adapted  for  a 
sea-gnin{^  ship,  that  a  false  side  was  obliged  to  be  put  up  to  make  her 
at  ail  seaworthy ;  and  he  would  only  ask  our  naval  officers  if  such 
veflsels  were  fit  to  protect  our  trade  and  our  posscsrions  on  the  wide 
ocean?  The  Stevens  battery  is  as  long  as  the'  Warrior,'  is  to  have 
as  high  a  speed,  and  carry  a  central,  shot-proof  platform,  with  seven 
laige  guns  mounted  on  turn-tables,  and  worked  below  decks  by  machi- 
nery. The  guns  were  pointed  downwards  for  loadin«,  n?ul  were  re- 
turned to  their  positions,  and  worked  thus  by  men  and  mai  Imn  ry  below 
the  iron  deck,  and  wholly  under  cover.  '1  here  were  j  nnits  of  this 
battery  so  like  some  recently  proposed  to  be  constructed  in  liiis  country, 
that  it  was  difficult  to  eomseive  the  secret  had  not  transpired.  This 
battery  was  begun  in  1854,  and  is  now  about  to  be  finished^  The 
Stevens  battery  is  a  favourable  specimen  of  a  ship  built  fbr  action  in 
the  sm(K}th  waters  of  America.  But  it  is  our  duty  to  construct  quite  a 
different  class  of  ships,  and  the  '  Warrior '  is  tho  type  of  that  class. 
No  one  can  help  soeinpr  the  superiority,  for  our  uses,  of  having  such 
vessels  only  as  can  go  anywhere  and  do  anythiiijGr.  and  are  faster,  more 
powerful,  more  enduring,  and  more  seaworihy  than  any  other  steam- 
ships of  aoy  other  navy* 

The  *  Herrimac,'  one  of  the  most  beautiful  of  the  American  iri-i 
gates  that  first  set  the  pattern  which  has  been  followed  in  so  many  of 
our  own  noble  vessels,  was  cut  down  by  the  Southerners,  and  said  to 
have  been  covered  with  rails  ;  but,  in  reality,  covered  with  one  coating 
of  plates,  six  inches  broad,  and  mti  iuch  a!ul  a  half  thick,  laid  dia- 
gonally, and  a  second  coating  two  inches  and  a  half  thick  in  an  oppo- 
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site  direction,  over  a  backing  of  wood.  By  tliis  simple  means  she  was 
pODverted  into  tb«  fonnidable  Tenel  that  attaclcad  to  victorioadjr  the 

*  OoDgrasB*  and  ^  Cumberland/ and  disabling  them  by  the  shells  pooled 

in,  as  mach  as  by  her  power  as  a  ram,  destroyed  them  in  a  short  en- 
counter. The  *■  Monitor,'  improvised  by  Ericsson  in  three  months,  is 
160  feet  long,  40  wide,  and  six  feet  deep,  and  below  this  upper  body 
is  another  propelled  by  steam.  She  carries  a  revolving  iron  rower  of 
six  inches  iliick.  containing  two  heavy  guns.  Now  the  upshot  of  the 
content  of  tlietie  two  vessels  has  decided  two  points  fur  lut.  1.  That 
wooden  nien>of-war  are  worthless  in  presence  of  iron-coated  ships ;  for 
the  'Merrimac'  sank  two  of  them  without  the  slightest  diffioilty. 
2.  That  wooden  ships,  even  coated  with  iron,  are  ineffective  against 
iron  ships  coated  with  iron  armour ;  for  after  a  long  contest  the  '  Mer- 
rimac  *  failed  to  injure  the  '  Monitor,*  and  had  to  retire. 

Capt.  Coles's  sliield  vessel  was  next  described.  His  ])lans  were  sub- 
mitted to^the  Admiralty  in  18.59,  long  j  rior  to  tlje  couslruclion  of 
Kricssuu's  battery.  These  shields  uiid  the  '  Monitor's '  are  much 
alike  in  principle,  but  Capt  Coles's  vessel  is  a  far  better  sea-boat  than 
the  *  Monitor/  and  carries  twelve  guns  instead  of  oncas  in  that  vessel, 
Coles'ssfaield  has  a  conical  roof,  and  carries  one  or  two  Armstrong  100- 
pounders  fixed  in  slides,  which  are  parts  of  the  interior  of  the  shidd^ 
that  moves  round  on  a  central  pivot,  and  the  men  working  the  guns 
are  turned  round  in  it  entirely  under  cover.  The  construction  of  the 
shield  ship  design i<  d  by  the  Admiralty  is  altogetlier  better  than  the 
'Monitor's*,  liie  speaicer  does  not  wish,  however,  to  see  our  war- 
ships replaced  by  vessels  of  this  class,  but  by  those  worthy  of  ourselves 
—a  fleet  of  'Warriors.' 

Mr.  Scott  Russell  hoped  he  had  now  diown  how  it  had  oome  to 
pass  that  we  had  got  a  usdesi  navy  of  wooden  ships,  and  only  two  iron 
ones  ready  for  service.    There  were  two  more  nearly  ready,  not  of  the 

*  Wnrrior '  c!:is^,  about  which  the  less  he  said  the  more  he  should  prnise 
them.    Tiif  (lOveriHuent  had,  however,  laid  down  the  lines  tVir  four 
more  enlarged  •  Warriors,'  and  this  was  an  atoiM  nu  iit  for  the  two  lie 
would  not  say  anytiiing  ubout.    We  must  then  look  to  a  long  time 
before  we  shall  have  more  than  two  ships  of  the  *  Warrior'  class.  He 
considered  thJs  delay  deplorable.  When  the  Duke  of  Somerset  was 
asked  in  the  House  why  he  had  not  sooner  built  more  iron  ships,  he 
said,    the  House  of  Commons  had  been  in  no  particular  huny."  And 
when  he  was  asked  about  his  tardy  afloption  of  Capf.  Coles  s  plan,  he 
replied,  *Mie  delayed  until  he  had  consulted  the  House  of  Commons 
about  it."    Now  tlu-  serious  difticuity  was  this,  wlnie  the  French 
Emperor  liad  been  making  rapid  use  of  his  experience  of  iron  batteries, 
we  iiad  not.    In  1854,  his  were  at  Kinbom  and  up  to  their  work.  In 
1856,  Capt.  Halsted  made  application  to  have  one  of  our  batteries 
made  the  subject  of  experiment,  in  order  to  see  if  she  would  resist  shot 
and  shell,  with  a  view  then  to  make  an  iron  navy.    The  Admirally 
did  have  the  *  Trusty*  made  ready;  and  had  her  out.    Then  they 
took  fright  and  sent  her  back  again ;  and  so  we  lost  two  years'  start.  He 
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would  now  meDtion  a  fact  of  which  there  was  qo  longer  any  grountk 
§ac  conoeaiment.  Id  1066  be  fubniitted  to  the  mirveyor  of  the  tmwf  a 
drawing  and  model  of  the  *  Warrior  *  class  of  ships.   That  model  was 

now  on  the  table,  and  exhibited  all  the  important  features  of  oonstnie- 
tion  of  the  *  Warrior  *  class.  But  the  Admiralty  delayed  the  construction 
of  the  first  sliip  of  the  rlnss  till  1859;  and  so  we  lost  our  just  claim  to 
the  original  design  oi  iron  ships  in  armour,  witli  sea-p^oin^  qualities  and 
speed  united.  It  wiis  Sir  Joim  I'akiugton  who,  in  ih.'>8.  first  ordered 
an  iron  ileet  to  be  commenced,  on  a  joint  design  of  hiiuseii,  Mr.  Scott 
Bonoll,  and  the  Surveyor  of  the  Kavy.  Bui  Sub  French  Emperor  had 
already  oommenoed  the  '  Glotre so  that  instead  of  being,  as  we  might 
have  been,  three  years  ahead  of  the  Freneh  Emperor,  our  delay  had 
given  him  the  lead,  and  deprived  us  of  our  true  priority.  He  concluded 
Vvv  expressing  a  hope,  that  the  delnys  and  doubts  of  the  Admiralty 
might  now  end  ;  that  a  fleet  t)f  enlar^n  d  -  Warriors'  would  speedily  be 
constnicted,  tit  to  cany  English  sailors  on  every  sea  where  our  colonies 
and  commerce  required  their  protection  ;  and  that  no  more  of  our 
time  or  money  would  he  wasted  in  iiie  eonsideiitlon  or  construction  of 
inferior  dasses  of  yessel,  unfit  for  ooean  navigation,  and  good  only  to 
stay  at  home  until  the  enemy  should  choose  to  come  and  be  hurt.  We 
had  now  proved  our  *  Warrior '  class  to  be  sound,  wliolesoeM  seagoing 
ships,  and  to  be  unparalleled  in  s]>eed.  Of  course,  improvements  would 
in  future  be  m;idp.  and  ciianges  introduced.  Ktit  when  our  ronsf ruc- 
tions trulv  enilx^died  the  best  knowledge  and  experifuee  o\'  tlicir  time, 
our  responsibility  was  lulhiied,  and  at  present  wo  know  of  no  maici*  for 
the  enlarged  'Warrior'  class  of  7000  tons,  and  therefore  there  can 
no  longer  remain  any  excuse  for  continuing  in  our  present  ineffideni 
conditioii. 

[J.  S.  B.] 


WEEKLY  EVENING  MEETING, 

Friday,  May  23,  1862. 

The  Duii£  OF  NoJiTiiijMB£KL\ND,  K.G.  F.li.S.,  President^ 

in  the  Chair. 

Waunoton  W.  8m¥tu,  Esq.  F.liJS. 
On  Coal. 

TiiE  speaker  commenced  by  proposing  to  select  one  portion  only  of 
a  very  large  subject ;  and,  neglecting  chemical  and  statistical  and 
mining  particnlars  with  reference  to  this  impcnrtant  mineral,  to  confine 
himself  to  the  ph3rsical  conditions  under  which  it  la  feuod  to  occur. 
The  enormous  vnhic  of  the  coal  of  this  country  might  be  understood 
Irom  the  simple  facts  that  nearly  dOOfiOO  of  our  fellow-sot|iects  find 
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their  employmeut  in  tlie  coal-mines  ;  and  tiiat  lite  total  quantity  raised 
in 'I860  unountod  to  no  lest  than  eighty-four  arilliaiit  of  toiM. 

Mr.  SmyUr  then  |iroceeded  to  deaeribe  the  oatore  of  the  various 

substances  with  which  the  coal  is  associated^  referring  to  ipeciiiieiifl  oo 
the  table  from  the  field  of  South  Yorkahira.  CompanaoD  was  made 
betwee!!  tljc  total  thickness  of  enrbouiferoiis  rocks  or  coal  measures  of 
diHVreiit  districts,  us  well  as  between  the  totnl  tfrickiipss  of  coal  (in  the 
aggregate  of  the  seams) ;  and  hence,  it  wu»  shown,  we  liave  one  reason 
for  not  estimating  tlie  value  of  a  coal-iield  merely  by  its  area,  as  we 
find  it  laid  down  m  a  geological  map.  Thus,  the  well-known  Durham 
field,  witiia  tliidmess  of  meaanres  of  about  2000  iftet,  has  a  total  ihkk* 
ness  of  coal  of  50  feet.  The  Derbyshire,  2000,  and  almoat  twice  the 
thickness  of  coal ;  the  North  Staffordshire,  6000  feet  of  measures,  and 
130  of  coal;  wliilst  the  South  Welsh  and  Saarbruckeo  fields  exhibit 
tliicknesses  of  12  to  lo,000  feet,  with  a  proportionate  increaae  (espe- 
cially in  tlie  latter)  of  coal. 

A  second  reason  for  mistrustiog  area  as  a  criterion  of  the  im« 
portance  of  a  coal-district,  is  the  various  forms  into  wliich  the  coal 
measoies  liave  been  thrown  or  moulded  by  agenciee  opemting  at  a  later 
date  in  tlie  earth's  erust,  whenoe  some  disbricta  may  esdufatt  by  outcrops 
an  indication  of  the  full  amount  of  their  entire  contents,  wiiilst  in 
others  the  beds  pass  with  a  gradual  inclination  beneath  newer  for* 
mations,  through  which  tltey  may  nevertheless  be  accessihle.  As 
instances  of  this  were  quoted,  tJie  vast  accession  of  mineral  wealth 
added,  even  in  tlie  last  twelve  years,  to  the  Westphalian  coal-field, 
by  tiie  explorations  carried  out  through  the  covering  oi  cretaceous 
mki  whiefa  eklhe  the  northem  aide  of  the  coal-field,  and  the  remark- 
able pit  lately  completed  by  the  Duke  of  Newcastle,  at  Shireoak^ 
which,  commenced  at  a  distance  of  several  milea  firom  any  nsible 
coal-measures,  pierced  the  new  red  sandstone  and  magnesian  ImiestooOy 
and  reached  the  *' top-hard'*  coal  at  515  yards  in  d'»]ith. 

Mr.  Smyth  then  described  certain  ]>!iysiral  ff';itiin  s  juoduced  in  the 
coal  seams  subseijuently  to  their  consolidaiiou.  such  a?*  the  r/eat  and 
backs,  or  various  nearly  vertical  divisions,  often  more  or  less  filled 
with  carbonate  of  lime  or  iron  pyrites,  which  add  greatly  to  the 
amount  of  ash  and  clinker. 

In  referring  afterwards  to  the  principal  families  of  plants  which  are 
found  either  in,  or  aasociated  with,  the  coal,  he  wished  to  show  that 
their  occurrence  throws  a  liglit  on  the  origin  of  the  coal-seams,  whicli 
again  becomes  an  important  guide  in  enahlifjg  us  to  judge  of  the  con- 
tinuity of  various  fields,  a  ({uestion  frauglit  witli  vital  importance,  in 
consequence  of  the  ra]Jid  rate  at  which  some  of  them  are  being  ex* 
hausted.  Thus  the  position  of  the  stigmaria  in  the  under-clay  or  floor 
of  the  seam,  and  of  the  stems  of  sigillaria,  lepidodeadroo,  catamites^ 
Ac.,  in  the  roof  strata,  point  to  the  probability  of  the  growth  of  the 
▼egetable  matter  tit  tilif.  The  eibtence  of  numerous  upright  stems, 
and  especially  those  occurring  so  often  and  so  dangerously  to  the  miners 
in  the  roof  of  certain  coals,  ift  a  strong  oonfirnuUion  of  the  gradual 
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depression  of  the  tract  in  which  these  plants  grew ;  and  Guppert  has 
ehown  that  the  eareful  ezaminalioD  of  a  unmber  of  aeania  proires  tho 
exuteace  in  the  coal  itself  of  every  fiunily  of  plant  which  lias  been  met 
with  ill  the  coal  meaaares. 

Thus  much  had  referred  to  the  true  carboniferous  period,  in  which 
it  is  commonly  sn]>posed  tliat  a  vigorous  vegetiition  first  arose,  but  tho 
speaker  described  iiis  finding,  a  ti  w  months  since,  in  the  Laxey  lead  and 
Coppermine,  in  the  Isle  of  Man,  at  120  fafhoins  deep,  a  seam  of  antliracite 
coal,  three  to  four  inches  thick,  iu  the  mid:>t  oi  ancient  schists,  prubabiy 
Lower  Silurian.  tlien  referred  to  coaly  and  lignitic  beds  in  newer 
formations,  especially  to  the  tertiary  brown-coal,  which  in  eontinenti^, 
and  especially  iu  Sonthem  Eniope,  attains  to  great  importanoe.  The 
excellent  preservation  of  the  Tegetable  remains  in  the  lignite  haa  enabled 
linger  and  Heer  to  make  accurate  comparison  with  existing  floras,  and  to 
show  that  the  ternary  Mora  had  notliing  in  common  with  our  present  flora 
in  Europe,  but  an  extraordinary  resemblance  to  that  of  modern  ^'orth 
America.  This  was  especially  to  be  noticed  in  closely  similar  specie 
of  the  genera  Lujuidambar,  Liriodendron,  Pavia^  Nyasa,  Hobima, 
Taxodiumi  Sequoia^  Juglans,  Glycyrrhiza^  Cereit^  JUntrw,  Skodtk* 
dendroHf  Cissu$j  and  certain  oaks  and  pines*  Xheve  was  hence  no  re* 
treating  from  the  conclusion,  that  at  this  portion  of  the  tertiary  period 
a  land  communication  must  have  existed  between  America  and  £urope. 
Fragments  of  that  land,  with  relics  of  the  same  tertiary  flora,  still 
exist  in  Iceland  and  the  Azores,  with  tin  ir  si/rturhrajid  and  lignites; 
and  thus,  that  Atlantis,  which  is  generally  set  down  as  a  dream  of  the 
poets,  is  brought  a^in  into  solid  existence  by  the  studies  of  the  geolo- 
gist. A  relation  or  this  kind  at  a  comparatively  recent  period,  throws 
a  light  on  the  causes  of  phenomena  belonging  to  an  earlier  epoch,  and 
will  enable  us  to  form  condoslons,  if  not  upon  the  absolute  contemponip 
neity  of  certain  beds  or  groups  of  coal  measures,  at  all  events  upon  the 
physical  connection  within  a  given  period  of  the  agencies  which  were 
forming  coal  not  only  in  the  varinu«;  fields  of  Europe,  but  also  in  North 
America  :  and  the  speaker  concluded  by  j>ointing  out  that  the  reason- 
ing on  the  continuity  among  one  another  of  our  British  coal-fields,  or 
of  them  with  those  of  Uelgium  and  North  France,  depends  on  some- 
what complex  data  which  scientific  investigation  can  alone  aflbrd. 
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Gkokue  Dodd,  £sq.  FJS.A.  in  tlie  Chair. 

TuoMAs  Bazle¥,  Esq.  M.P. 
A  Plea  fir  Coiiam  and  for  Indmfrjf, 

The  &et  of  the  cotton  trade  in  tbb  oouDtry  being  dependent  upon 

chidly  one  source  of  supply  for  its  raw  material,  has  been  at  all  times 
the  caiiseof  anxiMus  ♦^oliriruf^e  to  the  thnmrhrfnl  nhserver  of  the  nation's 
progress;  but  tlic  (liliiniiia  in  which  that  f^reat  industry  is  now  placed 
by  tliat  sole  dependence  deserves  the  consideration  alike  of  (lie  states- 
man, oi  the  economist,  of  the  merchant,  of  the  employers  of  labuur,  aiid 
of  the  htunane  and  patriotie  pubKe.  Between  cotton  and  labour  theve 
was  formed  in  Laneasfaire,  thfee-qnarters  of  a  eenturv  ago,  an  alliaooe 
which,  combining  mechanical  with  manufacturing  skill,  has  eieated  an 
industry  unparalleled  and nnaufpawcd  in  any  other  country. 

Little  more  than  a  century  since  the  clothinpr  comforts  of  the  massc?9 
of  the  people  were  few  in  this  countr\',and  the  abundant  luxuries  which 
now  prevail  were  to  them  almost  unknown.  The  prepared  skins  of 
aiuniab  were,  up  to  tliat  recent  date,  largely  used  in  the  clothing  of  the 
peasant,  and  in  every  house  and  hamlet  the  distaff  and  spindle,  and  the 
weaving  loom,  ministered  to  the  supply  of  linens,  woollens^  and  their 
mixtures,  in  aid  of  domestic  wantSi  In  the  reign  of  EUMbeth  Iter  sniK 
jects  were  only  equal  in  number  to  the  inhabitants  of  Lancashire  and 
Yorkshire  at  the  present  time,  and  greatly  below  the  people  of  those 
two  countif""^  with  Cheshire  added.  The  British  people  under  Eliza- 
beth were  ] powerful,  and  in  splendour  and  position  ranke<l  with  the 
highest  nations  of  tlM3  earth;  yet  her  army,  navy,  aristocracy,  tdnrt, 
and  people  did  nut  exceed  that  portion  of  Queen  Victoria's  subjects  vviio 
directly  and  indirectly  sub^t  upon  the  toils,  industry,  and  capital  of 
the  cotton  trade.  The  kingdoms  of  Belgium,  Portugal,  Hollaiid,  and 
Hanover,  do  not  separately  contain  populations  as  extensive  as  the  cot- 
ton trade  supports  in  Great  Britain  ;  hence  this  industiyof  five  millions 
of  dependents,  sustained  by  no  separate  regal  power,  and  hitherto  happy 
and  prosperous  as  a  portion  of  the  subjects  of  our  gracious  Soverei!:^n, 
may  claim  to  be  at  least  of  some  national  importance.  About  three 
centuries  ago  the  whole  people  of  this  country  might  be  equal  to  the 
five  uiillions  who  now  subsist  by  the  manipulations,  products,  and  com- 
merce of  cotton ;  but  at  this  moment  the  population  of  the  United  ]^ng<- 
doui  may  be  regarded  as  thirty  millions,  yet  the  same  circumscribed 
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am!  limited  extent  of  laud  ouly  exists  to  afford  them  the  means  of 
labour  aud  to  yield  them  its  fruits  wbieb  supported  tbdr  predeoewoxs. 
Even  in  Elisabeth's  leign  the  people  were  *deem€d  to  be  too  Dumeroiie 
ftr  tbe  extent  off  land  in  her  British  dominionsy  and  restrictions  upon 
the  building  of  dwellings  in  proportion  to  the  areas  of  districts  were 
enacted.    If,  therefore,  the  augmentation  within  the  period  now  men- 
tioned, of  from  five  to  thirty  millions  of  people,  be  considered,  it  is 
self-evident  that  new  somct's  oi  luUuiitry  liave  liad  to  be  (ieveloped  to 
supply  increasing  wantb.    Mineral  and  agricultural  products  liave,  in 
past  ages,  furnibbed  scanty  exports  to  pay  for  foreign  articles  of  neces- 
sity and  luxury  ;  but,  witJi  a  constantly  increasing  population,  the  yield 
of  tlie  soil  has  been  absorbed  by  the  enlamd  consumption  at  home ; 
and  now  foreign  supplies  of  com,  of  other  food,  and  of  luxuries  are  re- 
quired for,  and  may  be  equal  to  the  subsistence  of  one-tliird  of  the 
entire  population  of  the  United  Kingdom.    Wnt  whilst  snpplie'^  of  food 
have  been  needed  fortius  ii)crea>ing  population,  the  oilier  concomitants 
of  comfort  have  also  been  recjuired,  aud  all  these  necessaries  of  life 
could  only  be  obtained  ui  tiiia  country  by  the  magic  power  of  skill  and 
labour. 

A  sea-girt  land  with  navigable  rivOTs,  thus  poaieanng  egress  and 
ingress,  seems  to  invite  foreign  intercourse,  and  to  be  the  ^rst  essential 
to  a  gr^t  mercantile  and  manufacturing  district ;  but  when  such  a 
countrv  is  found  to  be  immeapurni)Iy  rich  in  its  mines  of  coals  and 
metals' when  it  possesses  a  temperaie  and  healthy  clime,  and,  aboveall, 
when  its  inhabitants  are  hardy,  sagacious,  toil-loving,  free,  and  untiring, 
we  may  infer  that  the  decree  of  Providence  has  ordained  that  the  people 
witik  tliese  advuuLuges  shall  be  blest  with  plenty,  and  shall  contribnte 
of  their  abundance  to  the  fiimilies  of  mankind.  To  no  country,  how* 
ever,  has  exclusive  advantages  been  given  ;  but,  wisely,  mutual  depend- 
ence appears  to  be  the  pacific  bond  intended  to  promote  the  weliare  of 
the  common  brotherhcKod.    Probably  beyond  every  otlier  people  the 
British  possess  the  elements  of  successful  trading  and  commeicial  in- 
dustry ;  but  beyond  the  direct  necessaries  of  life,  which  their  labour 
ought  to  enable  tiiem  to  buy,  they  need  raw  materials  wliereon  that 
labour  can  be  employed.    Sheep's  wool  and  flax,  Great  Britain  can,  in 
part,  produce  towards  the  demand  for  them ;  but  still  large  quantities 
of  them  are  required  from  foreign  countries,  and  silk,  cotton,  and  other 
pfoductioas  of  the  warmer  regions  roust  always  be  imported  as  contri- 
butions in  aid  of  the  manufiicturing  industry  of  the  United  Kingdom. 
Textilo  febrics  afford  in  their  production  the  most  extensive  means  of 
employment,  and  have  become  the  indispensable  clothing  comforts  of 
the  p<H)pIe  of  evriy  coiuitry.    The  fabrics  and  manufactures  of  cotton 
are,  hosvt  vt  r,  among  tiie  most  useful,  convenient,  elegant,  and  econo- 
mical pio<luctions  of  labour.    From  the  quilt  or  bed-cover  to  the  finest 
and  most  filmy  mudin,  iirom  the  fustian  garments  of  the  poor  to  the 
decorations  of  lace  worn  by  the  rich,  and  in  the  snow-white  gift  of  the 
bleacher  to  tbe  rainbow  cdours  of  the  printer,  cotton  is  prolific  of  com- 
fort and  of  ornament. 
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Cotton,  almost  the  chief  of  the  fibrous  gifts  of  Providence,  might 
be  grown  in  excels  of  the  power  of  man  to  fabricnfe  and  con«;urne.  On 
each  side  of  tlie  e<iaator  is  a  belt  ot  twenty-five  degrees  of  latitude,  encir- 
cling tiie  earth,  and  tliese  two  belts  form  iiniiiense  fields,  on  which  cot- 
toD  covid  be  produced ;  oonsequenlly  it  might  be  obtained  to  an  almost 
illimitable  extent  With,  therefore,  the  natural  fiidtities  poaseawd  by 
the  people  of  this  country  ibr  entering  upon  a  manufacturing  career  in 
cotton,  and  with  ample  means  existing  for  cultivating  and  producing  the 
raw  material,  no  surprise  need  be  felt  that  an  ener<^etic  and  indnstrious 
people  should  avail  themselves  of  their  skill  and  inventive  powers  to 
initiate  a  great  industry  founded  upon  their  native  talent,  and  in  reli- 
ance of  an  abundant  supply  of  the  foreign  fibres  of  cotton  being  always 
attainable. 

The  pefeeentions  of  the  Duke  of  Alva  bad  banished  fnm.  their 
homes  the  Flemish  weavers  wlio  took  refuge  in  Britain.  Then  skilful 
and  ingenious  workmen  liecame  valuable  acquisitions  li]  a  country  com- 
mencing the  transition  from  the  labours  of  the  field  to  those  of  the 
loom  ;  and  the  domestic  manufactures  of  our  country'  he<ran  to  indicate 
the  progress  and  perfection  which  they  were  destined  to  attain.  The 
dawn  of  a  great  industry  was  pertcptible.  Industry  was  honoured,  and 
labour  inculcuted  as  the  foundatitm  ut  the  naiioo's  coming  distinction 
and  prosperity.  Even  more  than  two  centuries  ago,  when  steam-engines 
were  unknown,  canals  not  havii^  lieen  formed,  nor  large  manufiwturing 
establishments  erected,  and  while  deer>ibresto  surrounded  this  vast  dty, 
there  were  merchants  who  promulgated  sound  economical  principles,  and 
who  tauglit  lessons  of  wisdom  to  the  possessors  of  reg^l  power.  In 
Loudon  in  1641,  lioberts,  a  son  of  commerce,  published  an  enlig-htened 
pamphlet,  entitled  "  Treasures  of  Trafhck,"  and  in  proof  of  the  soundne^ 
of  his  views  the  following  extract  cannot  fail  being  inter^ting  and 
welcome.  He  said, — Some  princes  are  not  satisfied  with  those  mate- 
rials tluit  grow  among  themselves,  and  in  their  own  oountriea,  but  they 
covet  by  all  industry  to  draw  others  from  their  neiglibours,  or  foreign 
nations,  to  employ  their  subjects,  and  to  put  their  people  on  work,  by 
this  means  much  enriching  themselves,  and  honouring  their  country ; 
and  adding  a  great  help  to  the  public  trafiick  thereof,  selling  and  vent- 
ing them  thus  wrou'rht,  even  to  i  liose  nations  who  many  tiuu  s  have  sold 
and  furnished  them  with  tlie  very  first  materials  of  the  said  manufac- 
tories.'' "  Manchester,  in  Lancashire,  must  also  herein  be  remembered, 
and  worthily,  and  for  their  industry  commended,  who  buy  yam  of  the 
Irish  in  great  quantity  and  weaving  it,  return  the  same  again  in  linen 
to  Ireland  to  sell.  Neither  doth  the  industry  rest  here,  for  they  buy 
cotton  wool  in  London  that  comes  first  from  Cyprus  and  Smyrna,  and 
at  home  work  the  same  and  perfect  it  into  fustians,  vermillions,  dymi* 
tics,  and  such  other  stuffs,  and  then  return  it  to  London  where  llto  ^nme 
is  vented  and  sold,  and  not  seldom  sent  to  foreign  parts."  Thu^  at  a 
periotl  in  English  history  when  Charles  the  First  was  surrounded  with 
troubles,  discord  and  diaitress  prevailing,  Roberts,  in  beautiful  sintpli- 
dty  of  language,  uttmd  the  first  plea  for  cotton  and  for  its  industry, 
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thereby  throwioga  lustre  apon  his  own  name  aod  upon  the  Mventeenth 

oeatiiry. 

Ill  the  middle  of  the  oiL:hu  etjth  century  a  con?ideral)le  home  manu- 
fiicture  had  ariseu.  Cotton  was  spun  by  hand  and  afttrwurds  blended 
in  the  loom  with  linen  or  woollen,  thus  producing  a  mixed  fabric.  The 
supply  of  eottoD  was  then  Inconsiderable  and  was  obtained  from  Torltey 
and  the  Levant,  and  from  the  West  Indies*  Mechanical  science  now 
escaped  from  the  libraries  and  traditions  of  the  learned,  and  offered 
practical  aid  to  the  infant  industry.  Such  a  galaxy  of  talent  and  inven«> 
tive  prenin^  as  then  stood  forth  to  develope  new  methods  of  increasing^  the 
conifurLs  both  of  the  palace  and  of  the  cottage  the  world  had  not  seen, 
By  an  almost  mysterious  combination  of  effort.«),  Hargreav&>i,  Wiiyatt, 
Arkwright,  and  Cromptoo  were  devi>i ng  their  several  systems  of  spin- 
mng  cotton ;  Watt  was  rendering  available  the  majestic  power  of  vapour^ 
directing,  controlling,  and  doomimif  it  to  become  the  universal  drudge 
of  man  ;  Scheele  and  Berthollet,  with  their  oxygenated  muriatic  acid 
blanched  the  calico  and  the  cambric  ;  and  the  Bjauvillions,  Nixons,  and 
Peels  gave  their  coloured  tints  to  pri?jt  these  new  fabrics;  nnd  as  if 
inspired  by  the  inventions  whirfi  sprang  from  the  east  ot  the  Atlantic, 
the  Anglo-Saxon  in  the  United  Slates  of  America  originated  the  culti- 
vation of  cotton  in  that  great  territory  :  but  in  giviug  this  boon,  the  pro- 
duction of  dave  labour,  he  ooDfenred  the  bane  wbenoe  the  vast  cotton 
industry  now  suffers  in  the  deprivatfons  inflicted  upon  labour  and  capiial. 
In  the  year  1700,  when  mechanical  appliances  were  comparatively  un- 
Jknown  in  the  inanuiacture  of  cotton,  the  consumption  of  this  material 
might  he  orve  million  pound«<  wfi«^!it ;  htit  in  I8f>0the  quantity  liad  cul- 
minated iu  tht'  (DriMiinpiion  ot"  one  thousand  niilJion  pounds  weight  in 
that  year.  Cotton  began  to  arrive  from  Americii  in  1787  in  suHicient 
quantity  to  prove  the  power  of  the  States  to  produce  it,  and  in  that  year 
Crompton  triumphed  over  his  mechanical  difficulties  and  completed  the 
mule,  this  machine  being  the  great  agent  at  the  present  time  for  the 
production  of  coarse  as  well  as  of  fine  yarns ;  but  spinning  by  roHers 
and  Arliwright's  throstle  spinning  frame  bad  been  invented  twenty 
years  previously  ;  hence  the  liistory  of  the  modem  and  mechaoical  cotton 
trade  may  be  dated  from  this  period. 

Eighty  years  ago  the  cotton  industry  of  our  country  uas  thus  ini- 
tiated)  and  from  that  time  to  the  present,  progress,  improvemeuts,  and 
extension  have  characterized  it*  The  science,  sliill,  and  invention 
which  have  accompanied  its  development  are  wonderful.  It  has 
afibrded  employment,  comfort,  and  proBperity  to  many  millions  of  the 
people  of  this  country  during  that  period,  and  it  has  contributed  very 
largely  to  the  national  revenue.  During  the  great  struggle  with  the 
first  Napoleon  our  men  were  able  to  leave  their  country  for  the  strife 
of  war,  and  yet  the  steam-engine  and  the  mechanical  agencies  wliic  h 
existed  at  home  more  tlian  compensated  for  their  physical  loss;  but 
here  was  the  waste  of  the  nation's  strengtli.  Wiser  would  it  have  been 
had  these  new  resources  been  develoiwd  ibr  the  moral,  mental,  and 
social  improvement  and  comfort  of  the  people  at  large.   Most  probably 
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the  cotton  trade  and  the  dovelo^mieiU  of  new  mechanical  power»^  have 
enabled  the  people  of  f  hii  country  toemtalD  a  system  of  taxation  wbiehy 
without  that  trade  and  those  treasures,  eoold  not  have  beeo  borne,  and 
have  supported  a  uatioiial  expenditare  alike  extravagant  and  injurious* 
The  state,  therefore,  has  participated  in  the  contributiiMis  of  all  who 
have  promoted  and  sustairje<l  this  industrial  fabrir. 
"  The  capitalists  of  this  tra«U'  have  now  two  Innidml  million  |KniTir!s 
sterlinnf  invested  in  it,  in  fixed  and  Hoatiug  property;  and  the  people 
directly  and  indirectly  employed  in  it  being  now  hve  millions,  we  arrive 
at  the  important  deduction  that  not  only  does  the  national  exchequer 
derive  great  benefit  from  it,  but  we  have  capitalists  and  labourers  sup- 
ported by  it  as  numerous  as  are  the  people  of  several  European  king- 
doms of  the  present  time.  Indi6Fereiit  spectators  of  the  abundance 
which  has  happily  prevailed  in  this  country  since  the  introduction  of 
the  liberal  commercial  policy  which  is  now  established,  rarely  r^Hert 
upon  the  obligations  this  vast  industry  has  couferretl  in  aid  of  the  ele- 
ments of  social  comfort.  Of  late  years  the  exi>orts  in  cotton  mannfac- 
tures  have  been  about  fifty  millions  sterling  per  annum,  or  about  one- 
third  of  the  gross  exports  of  the  United  Kingdom.  Well  then,  as 
cotton  exports  constitute  one*third  of  the  whole,  it  becomes  evident  that 
cotton  buys  one-third  of  the  imports;  hence,  as  gold,  silver,  gems^ 
cofifee,  tea,  sugar,  tobacco,  wine,  oil,  and  the  fruits  of  sunny  climes,  as 
well  as  corn  and  other  ff>od  broni^lit  }iither,are  fon'i«rn  proflnct^  Inr^rely 
imported  into  the  I'nited  Kingdom,  we  must 'cl  uui  tiie  niei  it  tor  the 
cotton  trade  <>f  hnvijHjr  bouj^lit  and  paid  for  onc-ihird  of  tiiesti  exotic 
and  foreign  supplier.  In  IhGO,  tiie  la&t  year  of  active  and  full  employ- 
ment for  the  whole  of  the  cotton  trade,  its  manufiictiired  ptndnets 
exceeded  eighty  millions  sterling  in  value,  something  more  than  fifty  of 
whldi  were  exported,  leaving  sibout  thirty  millloos  as  the  value  of  the 
home  consumption  of  cotton  manufactures ;  but  as  this  latter  sum  will 
about  equal  the  cost  of  the  raw  cotton  imported,  the  beneficial  interest 
of  the  country  in  the  cotton  industry  will  Ik-  rr|n  f  rented  bv  its  export 
trade  of  upwards  of  fifty  millions  sterling.  i  liat  so  extensive  and 
prosperous  an  industry  should  have  been  founded  upon  the  supply  of 
a  foreign  product,  is  not  the  least  wonderful  &ct  of  its  history ;  but 
that  cotton  should  have  been  almost  exclusively,  as  it  has  been,  ob- 
tained fW>m  almost  advene  sources,  is  a  great  reproach  to  the  British 
nation. 

Of  the  2,523,(XX)  bags  of  rottnn  consumed  in  this  country  in  the 
year  I860,  85  per  vvnr.  consisted  of  the  growth  of  thf»  T'nited  States, 
8  p*^r  cent,  of  the  urowlii  of  Kgypt,  Brazil,  and  ofiier  lbreig:ii  districts; 
whilst  of  cotton  Irom  tlje  British  East  and  West  Indies  the  consmuptioa 
was  only  seven  per  cent.  I  In  consequence  of  the  convulsion  in  the 
States  of  America,  the  consumption  of  cotton  in  Great  Britain^  in 
1861,  resulting  from  its  contracted  supply  and  the  loss  of  the  American 
markets  for  its  manufactured  products,  diminished  10  per  cent.;  and 
whilst  of  American  and  other  foreign  cotton  the  consumption  became 
only  86  per  cent,  against  93  per  cent,  in  the  previous  year,  the  con- 


Digitized  by  Google 


1862J  A  Plea  far  CoUm  and  for  Jnduttry.  519 


sumption  of  East  Indian  cotton  was  15  per  cent,  against  the  previous 
7  per  cent.  ;  but  of  the  present  diuiinislied  cotisunipiioi)  probably 
7.3  i)er  cent,  may  be  East  Indian,  A  very  rapid  increaxj  hjis  been 
eti'ected  iu  the  coii»uiuption  of  Ea&t  India  cotton,  which,  in  1660,  was 
3500  bags  per  week,  id  1861,  7000  bags,  aod  in  this  year  is  proceeding 
At  the  vate  of  16,000  bogs  or  more  per  week,  ehowing  the  iocrease  to 
be  100  per  cent,  per  annum  upon  each  successive  year.  The  aetutfl 
Ikower  of  consuming  cotton  in  the  United  Kingdom  is  55,000  bags 
per  week  ;  but  lacking'  the  requisite  supply^  the  present  total  conenmp- 
tk>n  cannot  exceetl  25,000  bags  per  we**k. 

Such  then  having  be<*!i  the  ri'^*',  pro<rress.  prodn<*five  and  con«?unnng 
power  of  the  cotton  trade,  are  we  blameless  tor  ulluwuig  this  immense 
industry  to  exist  and  extend  upon  the  frail  busis  of  slavery  upon  which 
it  baa  largely  depended?   Not  only  do  prudential  and  political  priuci- 
plea  con&mn  oa,  for  the  almost  sole  dependence  for  an  essential  raw 
material  upon  a  country  which  has  often  withheld  from  lis  the  rig^bta 
which  a  free  people  should  in  the  spirit  of  justice  extend  to  its  neigh- 
bour, but  a  moral  inconsistency  lias  beclouded  botli  tlie  natitm  and  the 
cotton  trade.    To  the  honour  and  advantage  of  our  own  connfry  cotton 
has  been  received  here  free  from  all  imp<3rt  duty,  but  upon  the  very 
manufactured  goods  containing  only  the  untaxed  cotton  grown  in  the 
Stales  of  Amenca  tbe  Oovemmeot  of  those  States  bas  eueted  a  duty  of 
twenty-five  per  cent  Now  whilst  as  a  people  we  abhor  slaveiy,  and 
our  Govennnent  bas  been  eipending  a  million  per  annum  in  its  pre* 
tended  suppr^ion,  we  have  been  receiving  yearly  large  supplies  of 
slave-j2^rown  cotton,  tobacco,  and  pn<jar,  n  qnirinir  tfie  thraldom  of  a 
greater  number  of  our  fellow -creature?  than  liy  our  costly  hypocrisy  we 
have  liberateil.    A  lessou  of  justice,  hiiiiiafiity,  and  of  economical  pru- 
dence is  now  being  taught  tite  people  depending  upon  cotton  for  labour 
aod  profit ;  and  the  Government  of  this  eountiy  must  not  shield  itself 
liom  tbe  chaige  of  culpability  in  having  neglected  to  encourage  the 
cultivation  of  cotton  in  the  vast  possessions  of  Great  Britain.   A  warn- 
ing Toice  has  often  been  heard ;  and  ten  yean  ago  when  tbe  lamented 
late  Prince  Consort  presided  on  the  occasion  of  my  speaking-  iipon  this 
subject  at  the  Soeietv  (jf  Arts,  I  irfqidred,  "  AVhencf'  comes  the  supply 
of  the  raw  material  lor  tins  wonderful  trade?    Js  it  not  the  duty  of  the 
statesman  to  ask  this  question  from  the  interest  whicii  not  only  so  large 
a  portion  of  the  community  has  in  obtaining  snbslstenoe  from  it,  but  ako 
from  the  general  weal  and  a  large  amount  of  public  revenue  being 
involved  .in  it?   Is  it  not  the  duty  of  tbe  merchant  and  manuftetnrer 
who  is  directly  interested  in  this  great  trade  to  make  the  same  inquiry  ? 
And  is  it  not  the  duty  of  the  p!ii!anthropist  and  the  patriot  to  also  ask 
whether  the  supply  of  this  raw  matt  rial  be  }>rovidently  secured  arid, 
whence  do  come,  and  shall  come,  supplies  of  cotton  wool  to  su^^ain 
this  immcrjse  national  industry?"    I  added,— "May  not  an  epidemic 
of  disease  or  of  revolt  momentarily  destroy  the  cotton-fields  of 
America?"  These  first  questions  I  now  reiterate,  and  I  grieve  that 
they  are  practically  necessary;  Ibr  when  first  uttered  they  were  only 
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prospectively  aiul  pnidentially  put  forth.  How  fearful  is  the  contem- 
plation of  a  people,  whose  labour:?,  directed  by  intelligence  and  right 
principle!,  having  supported  them  with  abondanoe,  nod  adll  able  uid 
irilliDg  to  .work,  beitig  depriTed  of  the  material  on  which  their  industry 
has  been  advantageously  engaged?  The  depiivatioos  in  this  gr^t 
indoatiy  have  become  lamentably  severe.  With  less  than  half  a  supply 
of  raw  material,  and  at  the  enhanced  cost  of  a  whole  «iipply.  only  half 
employment  can  be  affbrdwl,  and  consequently  only  half  wages  or  less 
can  be  earne<l.  Already  the  w<irkinf>  rhi-sf.s  of  Lhe  coifon  trade  are 
subj^ted  to  diiniDi^hed  earnings  uf  a  miUiun  pounds  Kterliug  per  month. 
Generally  the  rallia  are  working  hal^tlme,  but  many  are  wholly  stopped 
whilet  a  very  few  eootinoe  to  give  full  employment,  bat  the  average 
time  now  worked  will  be  the  half-time  now  stated  ;  and  the  consump- 
tion of  cotton  is  only  25,000  bags  weekly  Instead  of  the  55,000  bags 
capable  of  boing-  consumed;  but  in  this  latter  quantity  is  inrltifled  the 
probable  consumption  of  many  new  mills  which  liavp  not  be^iui  to  work. 
Of  the  consumption  of  cotton  at  the  present  mouant,  the  Kast  Indies 
supply  75  per  cent., — 12^  per  cent,  is  America, — and  12^  per  cent, 
other  foreign  kinds.  Last  year  the  East  Indies  were  exhausted  of  the 
stocks  of  cotton  usually  held  there;  and  it  is  doubtful  whether  the 
million  bales  then  received  can  be  repealed  this  year.  No  eflbrts  to 
obtain  cotton  from  new  fields  commensurate  with  the  necessity  are  being- 
made.  Past  monitions  have  been  dtsregardeti.  The  Cliamber  of  Com- 
merce at  Manehester  has  constantly  reeommende<l  that  cotton  should 
be  obtainef!  from  British  foreign  possessions,  and  from  every  country 
capabl»'  of  supplying  it.  Having  been  a  member  of  that  Chamber  for 
more  than  a  quarter  of  a  century,  my  own  attention  during  that  time 
has  been  unceasingly  devoted  to  the  urvent  necessity  of  procuring 
new  supplies  of  cotton  ;  and  in  1840,  when  my  honounble  friend, 
Mr.  J.  B.  Smith,  the  present  member  for  Stockport,  was  the  FMdent 
of  the  Chamber,  I  was  so  deeply  impressed  with  the  importance  of 
efforts  being-  made  to  obtain  superior  eotton  from  tlip  British  East  and 
Wt«t  Indies  that  I  grew,  as  an  incentive  and  example,  some  of  the 
most  perfect  and  beaiuilul  cotton  ever  pro«iuced,  my  cotton  plantation 
having  been  formed  in  the  attic  of  one  of  my  mills  in  Manchester,  and 
specimens  of  my  eflbrts  are  now  before  you*  In  1848  my  honourable 
friend,  Bfr.  Bright,  M.P.  for  Birmingham,  proved  by  hb  parliamentary 
committee  the  capability  of  the  East  Indies  to  grow  and  supply  aboo* 
dantly  most  excellent  cotton.  With  many  men  of  experience  I  gave 
evidence  before  that  ronimittee;  but  apathy  in  the  <  Jovernfnent.  in  tlie 
trade^  and  in  the  public  mind,  has  caused  to  be  neglected  the  admoni- 
tory facts  then  elicited.  The  neg^ro  was  doomed  to  enduring  wrongs, 
the  cotton  industry  was  left  dangerously  dependent  upon  one  chief 
source  of  supply  for  lis  raw  materml,  the  national  resources  remained 
undeveloped,  and  our  costly  oolonial  system  perpetuated  for  patronage, 
but  comparatively  without  profitable  results. 

Essentially  Great  Britain  possesses  the  monopoly  of  the  best  land 
^und  in  the  world  for  the  growth  of  cotton.   With  the  proof  tliat  the 
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firiest  and  beat  cotton  ever  produced  has  been  artificially  grown  in 
Mancln'ster,  why  slioiild  not  ffje  mere  trifling  difficulties  of  the  colonies 
be  Furniuuijied  where  soil,  climate,  and  natural  advanla^es  exist?  In 
the  Ea^t  Indies  the  policy  under  the  rule  of  a  nominally  coaiinercial 
company  has  been  abenrdly  political  and  despotic.  The  mateiial  proa- 
peri  ty  of  the  people  waa  neglected ;  navigation,  by  improving  the  riven, 
baa  been  discouraged;  few  canals  have  been  formed;  roads  have 
Boaieely  existed ;  ample  means  for  irrigation  have  been  withheld ; 
quays  are  almost  unknown  ;  and  the  land  held  by  Governmental  feudal 
power  has  been  largely  unproductivf.  By  the  small  orator  supplies  of 
Colonel  Sir  Arthur  Cotton,  immense  benefits  liave  been  <kzived  in 
Madras  and  by  the  recent  changes  in  land  tenure  great  improvements 
will  doubtless  result.  Railways  are  now  being  established,  and  the 
general  iodicationa  of  the  great  dependency  are  becoming  favoumble 
f&r  the  extension  of  cotton  and  other  agriculture,  and  for  trade  and 
commerce.  For  many  years  the  improved  navigation  of  the  Godaveiy 
has  been  a  subject  of  contention  and  of  hope  deferred.  This  river 
ought  to  connect  tiie  great  cotton-fields  of  Bcrar  with  Coringa,  and 
other  poriii,  in  Madras.  The  rocky  barriers  of  the  Godavery  should 
be  either  removed,  or  they  should  be  avoided  by  the  aid  of  short  ituivs 
of  cainals  or  by  tramways.  To  what  extent  the  works  of  the  Godavery 
liaTe  proceeded  we  are  ignorant,  but  the  advaotagea  which  would 
aocrue  from  their  eompletion  cannot  be  overstated*  Ita  fertile  Talley 
would  yield  immenae  auppllea  of  excellent  cotton  and  other  products, 
the  markets  to  ten  or  twelve  millions  of  people  being  opened  would 
yield  double  advantages  aliko  to  a  home  and  a  foreign  trade.  On  the 
banks  of  tliat  river,  at  Ingeihaut,  cotton  of  n)ost  acceptable  qualily  to 
the  British  Rpinner  is  already  grown  ;  and  in  its  vicinity,  as  also  in 
Berar,  cottons  could  be  cultivated  which  would  equal,  if  titey  did  not 
aurpass,  the  productions  of  New  Orleans.  Of  the  power  of  the  East 
Indies  to  produce  superabundant  supplies  of  most  excellent  cotton,  no 
doubt  need  be  entertained.  The  communications  within  that  vast  de< 
pendency  being  effectively  extended  to  its  sea-board  in  every  direction, 
its  agriculture  being  industriously  conducf>vl  by  tlie  aid  of  practical 
science,  aud  the  government  of  it  berominn  wij^e  and  just,  benefits 
would  flov.'  from  atid  to  it,  frucLityiug  and  enriching  the  whole  empire. 
In  IbGU,  the  imports  of  cotton  from  the  East  Indie^i  were  561,200  bags, 
of  which  two-thirds  were  exported,  and  in  1861  there  came  986,600  bags, 
or  nearly  double  the  previous  yeur^a  supply  ;  but  though  the  importen 
of  this  enlarged  import  have  derived  very  g^eat  profita  by  the  advance 
which  has  tiUcen  place  in  the  price  of  cotton,  the  ryot,  or  ftrmer,  in 
India,  has  not  yet  importantly  obtained  any  advantage  from  the  in^ 
creased  value  of  hi^  produce ;  but  if  the  communication  with  the 
interior  of  India;  both  as  to  intelligence  and  the  conveyance  nt  cotton, 
be  facilitated,  then  the  ryot  will  be  stimulated  by  compeuButing  and 
increased  rewards  to  extend  the  cultivation  of  cotton,  and  to  improve 
tbe  quality  of  it.  As  now  stated,  ample  proof  exists  that  Jodh,  can 
grow  most  excellent  cotton,  and  many  supplies  of  very  uaelul  quaUtiei 
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have  hecn  thenee  received  ;. and  I  now  liave  the  snti*^fnetion  of  plnr'mg 
before  this  meetin<^  a  sample  of  superior  c ntroti  sent  by  Dr.  Sfiort,  from 
Chinffleptit,  in  Madraa.  1  am  also  enabkd  to  display  some  ver>-  good 
yarns,  of  above  the  average  Bnene^s,  being  (jOs,  warp  and  HOs.  weA, 
qmn  ftom  it  by  Mr.  Kirkpatriek  at  hi«  milb  near  Manchester.  India 
Ina  in  truth  been  slandered,  both  as  to  iu  power  to  produoe  excellent 
eotlon,  and  the  adaptability  of  it  to  the  manufactures  of  Enrope;  tmt 
the  cotton  and  yarn  now  shown  afford  all  the  evidence  necessary  to 
prove  the  fact  that  our  gronr  dependency  can  'Jiipply  cotton  equal  to 
that  obtained  at  New  Orleans.  It  has  also  been  asserted  that  Indian 
cotton  w')uld  neither  bleach  nor  receive  colours  so  perfectly  a<* 
Americati,  but  here  a^in  J,  am  prepared  to  refute  the  error  and  miii- 
representation,  Ibr  I  have  the  pleasure  of  exhibiting  cloth  as  good 
made  from  Indian  cotton,  and  as  white  and  lieantiful  in  the  colonrs 
of  the  bleacher  and  calioo  printer  as  a  similar  fabric  would  be  made 
from  American  cotton.  Here  we  possess  the  foretaste  of  the  now  dor- 
mant »?icans  which  would  regenerate  Tfidin.and  restiscit<\te  the  droo|>irts^ 
cotton  in'histry  of  the  United  KiniTfioin.  Apathy  must  cease,  and 
reme<lial  lueiUHuns  \tv  applied  to  tlie  cvil<  wliiclt  retard  the  prosperity 
of  India  and  embarra;^  our  home  Uude  and  commerce.  There  are 
duties  to  be  performed  Irr  the  mercantile  community,  as  well  t»  obsta- 
cles to  be  remoyed  by  Government ;  and  without  the  peiibnnance  of 
these  duties  prolonged  disappointment  will  ensue. 

A  Cotton  Supply  Association  was  formed  in  Manchester  a  iew  jeara 
ago,  and  its  lalxJurs  are  constantly  directed  to  obtain  corrective  measures 
for  the  evils  of  India,  and  to  promote  the  growth  of  cotton  \*herever 
the  soil  and  climate  of  any  country  will  enable  it  to  be  produced.  This 
association  has  impelled  a  wiser  policy  for  India,  and  has  rendered 
valuable  services  to  that  dependency  and  to  other  countries,  having 
made  grants  to  upwards  of  400  places  of  cotton  seeds  and  of  cleaning 
gins,  Asides  other  a^:ricultnral  implements;  By  the  exertions  of  this 
body  small  supplies  of  cotton  have  been  received  from  many  new  fields 
of  cultivation.  Cotton  growing  is  beinp:  slowly  resumed  in  the  British 
West  TofHes,  whence  encouragin^r  '•upplies  are  now  received  ;  but  if  the 
proprietors  f>f  estates  in  those  islands  did  their  duty  to  themselves  and 
to  their  country,  an  enlarged  production  of  excellent  cotton  would  rtm\- 
pensate  them  and  contribute  to  the  nation's  prosperity.  The  fine  island 
of  Jamaica,  which  could  produce  very  large  quantities  of  superior  cotton^ 
is  a  territorial  wreck ;  but  see  the  capability  of  this  island  by  this  sample 
of  cloth  made  from  its  eotton.  Demerara  and  other  neighbouring  p(^- 
sessions  can  pro<hice  more  cotton  than  the  United  Kingdom  could 
manufacture.  From  tfo  Cape  of  Good  Hope  to  Port  Katal  cotton  can 
be  abundantly  producid.  Africa  has  of  late  years  sent  small,  but 
valuable  supplies  of  cotton  of  qualities  rpnte  ctpuil  to  the  produce  of 
New  Orleans,  but  her  Eigj'ptian  cottou  has,  from  the  time  of  Mehemet 
Ali  to  the  pesent  moment,  been  a  large  and  most  welcome  contribu- 
tion. If  the  million  per  annum  which  our  fleet  for  the  suppression  of 
slavery  costs  had  been  devoted  in  our  own  colonies,  or  even  in  Africa,  to 
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the  eooQvingement  of  the  growth  of  cotton,  8u<^r,  and  other  products^ 
which  the  li^oar  of  ^e  negro  in  slavery  has  yielded,  then  that  di^g;raoe> 
All  traffic  la  human  beings  might  ha^e  been  annihilated,  and  oar  own 

pursuits  untainted  with  the  wron^  inflicted  upon  the  coloured  race. 
Australh.  however,  has  amazing  powers  for  the  production  of  cotton. 
And  \u  x  etious  of  that  threat  country,  Queensland,  Victoria,  aud  New 
8outh  Walai,  cotton  of  every  class,  from  the  lowest  to  the  higlimt,  might 
be  cultivated  aud  produced  beyond  the  wants  of  all  the  world.  Q,ueen» 
land  has  leot  mall  Iota  of  cotton  of  unsarpaised  beauty  end  ezoeliencei 
end  from  this  colony  and  from  New  South  Walea  mmplea  of  cotton 
may  be  seen  in  the  gpreat  Intematioaal  Exhibition  of  qnalitjea  adapted 
to  the  production  of  the  finest  muslins  and  laces  which  any  skill  could 
manipulate,  as  may  be  seen  h\  this  beautiful  specimen  of  lace  made  from 
it.  liabour  appt-ars  to  bi  almost  alone  the  sole  requisite  for  obtaining 
anpplics  of  cotton  of  iacalculahle  extent  trom  Australia.  On  referring 
to  the  cuUivatiuu  of  coUon  iu  America,  we  l^rn  thai  ihere  one  uiiiiiuu 
of  Degroei  can  produce  cotton  of  nearly  twice  the  extent  of  its  coniump- 
tion  in  Great  Britain,  consequently  ludf-aHniliion  of  labourers  would 
•nffioe  to  produce  the  cotton  needed  by  the  latter,  and  the  queetion  arises 
whetber  it  would  not  be  an  act  of  prudence  and  of  wisdom  to  induce  thia 
number  of  Chinese  men,  women,  and  chilfiren  to  become  cottofi  i^Towincj- 
labourers  in  Australia.  Tn  the  States  of  America  only  abtnit  one  quai  n  r 
of  I  lie  tjegro  populatioi)  i-^  there  engat^ed  in  cotton  niji  icukure,  t)ie  large 


and  io  bandycrafi  and  domeitie  punuits  or  occonatknw.  The  £mperor 
of  France  has  wisely  oflbred  great  uiduoemeotB  ibr  the  growth  of  cotton 
in  iUgien,  whence  very  superior  cotton  is  already  supplied.  Tliat  Fhmch 
colony  is  within  a  single  week's  sail  of  this  country,  and  some  eminent 
men  of  business  here  and  in  FraTiee  are  endeavouring  to  extend  the 
cultivation  of  cottori  in  it,  whicii,  if  judiciously  carried  out,  cannot  ]&il 
becoming  of  vai*t  advantaije  to  all  the  relations  of  both  countries. 

With  these  facts  the  power  abundantly  to  produce  cotton,  not  only 
in  British  poesessioni',  but  in  many  foreign  states,  is  beyond  all  doubt. 
Cotton  may  also  tie  profitably  as  w»il  as  abundantly  grown,  and  fr«e 
iationr  might  be  more  economically  employed  than  has  been  the  labour 
of  the  slave.  Great  injury  has  been  done  in  ddayii^  eflbrts  to  gn)W 
cotton  in  new  fields  of  cultivation  by  the  unwarrantable  assumption  that 
slave  labour  wa«t  so  amazingly  cheap  that  free  lalrour  could  not  compete 
with  it.  This  ha.s  been  a  discouraging delubiou,  lor  llie  lalKuir  of  ihe 
shivc  has  actually,  in  the  cotton  states  of  America,  been  muie  cosily 
than  the  free-skilled  labour  of  J^urope,  and  cotton  has  not  been  cullivaied 
in  conotries  capable  of  growing  it,  from  a  faltie  conviction  that  those 
American  States  possessed  a  monopoly  of  the  means  of  producing  it ; 
but  it  is  evident  that  Providence  has  not  designed  that  this  valuable 
material  should  be  only  raised  by  the  bondage  of  the  negro,  for,  on  the 
contrary,  proofs  abound  that  eorfon  can  In-  ;id»  (juately  and  most  profit- 
ably produced  in  the  niany  countries  now  uicutioned  alike  with  advan- 
tage lo  the  capitalist  and  to  tlie  free  labourer. 
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By  X\\e  g^eneral  iieL:lect  ot  cotton  agriculture  at)  agrirregution  of  evils 
DOW  existii  which  can  ouly  be  contemplateti  witli  p^'uiuand  griet  and  ap- 
prehension. Probably  100,000  labourers,  who  have  usually  shared  the 
employment  a^rded  in  tlie  eotton  tmde,  are  now  totally  idle  and  pen- 
nilen.  800,000  more  are  working  short  time,  and  in  the  sympathetic 
branches  much  deprivation  prerails.  The  losses  of  the  labouring  claasei 
are  one  million  pounds  sterling  per  montti,  or  twelve  millions  per  an* 
nnni  ;  whilst  the  employing- classes  nre,  by  loss  of  rents,  interest  of  nmfjey 
on  stagnant  capital,  and  in  suspended  openilions,  without  computiug 
anything  for  loss  of  profit,  snstaininjr  a  loi.s  equal  to  eight  millions  per 
annum,  thus  making  the  cei  tain  loss,  in  labour  and  capital,  into  twenty 
millions  steriing  per  annum ;  but  the  great  infliction  of  double  price  for 
eotton^  which  adds  eighteen  millions  per  annum  to  its  normal  marltel 
cost,  subjects  the  trade  to  a  drain  of  neaily  forty  millions  per  annum, 
and  to  an  exhaustion  tending  almost  to  extermination.  Cotton-spinnii^ 
and  manufacturing  in  Great  Britain  are  equal  in  extent  to  those  pur- 
suits carrieti  on  in  Afnerica  afid  u[)ou  the  continent  of  Jiiuro[>e.  Conse- 
quently in  the  British  aud  toiuitJ^n  cotton  trades  the  looses  and  dis- 
advantages will  be  double  llie  extent  stated  for  this  couutry  aloiie. 
A  plea,  then,  Ibr  cotton  and  to  industry  becomes  a  do^  and  a 
aecessi^* 

Seeing,  therefore,  the  extent  of  distrem  existing  in  the  districts  of 
the  cotton  manufiieture,  and  that  increased  deprivations  may  indict 

deeper  misery  upon  the  lahouring  classes,  whibt  )Tiany  capitalists  may 
be  on  the  ^  erje  of  total  ruin,  iind  seeing  also  that  the  people  of  the 
Uuite<l  Kiiigduii!  generally  synipatliize  M  itli  the  sufferings  in  the  cottoci 
trade,  what  assistance  can  be  rendered  to  this  apparently  delaying 
iodostry  is  a  question  that  many  benevolent  individuals  will  ask.  This 
great  industry  has  been  sanctioned  by  the  legislature,  and  has  been  a 
lafge  contributor  to  the  public  revenue;  the  great  bmly  of  the  people 
have  viewed  this  industry  almost  with  envy,  but  certainly  with  approval, 
thonn^h  none  of  sufficient  power  have  stood  forth  to  obtain  a  supply  for 
it  of  its  requisite  raw  niauiial  from  free  labour  and  from  sources  so 
numerous  that  would  have  avc'rte#  the  existing:  calamity.  Subscrip- 
tions for  relief  have  beguu,  but  the  wealth  and  predoniiudut  kindly 
spirit  which  yet  prevail  in  the  roanu&cturing  districts  will  be  unspar- 
ingly expended  and  exercised  to  diminish  the  evils  whieh  threaten 
starvation  to  meritorious  men,  women,  and  children,  wlm  are  able  and 
willing  to  work  if  the  accustomed  material  were  forthcoming  from  which 
they  have  hitherto  eanHnl  tlieir  daily  bre.id,  and  whose  labours  have 
enriched  their  country.  Shall  paupen<<m  lie  even  contemplated  for  an 
enerp^etic  and  labour-loving  people,  or  ratiier  shall  not  profitable  em- 
ployment be  afforded  as  in  days  past,  and  willioul  hui  my  recourse  to 
that  impoverisliing  alternative  of  banishing  by  emigration  those  sons  of 
tofl  who  have  also  contributed  to  tlie  elevation  of  their  order  among  the 
nations  of  the  earth?  Will  not  the  Britiih  Government  and  people 
best  remove  present  and  future  evils  by  assisting  to  develope  the 
resources  of  their  colonies,  which,  by  the  introduction  of  ootion 
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eultivatioii  upon  a  large  acale,  would  be  rendered  pfoductive  and 
profiperoiis? 

The  colonies  would  be  enabled  to  trespass  less  npon  the  tax-paying 
people  at  home,  and  colonial  and  British  revenues  would  both  obtain 

benefioir^l  relief.  If  fho  British  public  desires  to  a!«^!st  tlie  disfressed 
and  sutiering  cotton  trade  it  will  be  wise  to  attaek  the  evil  at  its  root, 
and  to  profMote  the  cultivation  of  cotton  in  new  countries,  and  thereby 
prevent  the  possibility  of  a  repctitiun  of  similar  disasters,  and  as  cutlou- 
growing  is  profitable  the  advantage  doived  from  it  would  be  the  reoom- 
pense  of  the  effort  Shall  no  attempts,  commensurate  with  the  wants 
of  this  great  induj«try,  be  made  to  obtain  adequate  supplies  of  cottoOy 
and  at  the  same  time  to  benefit  the  dependencies  and  colonies  of  Great 
Britain  ?  No  charity  can  compernr^fe  for  the  looses  now  sustained,  and 
effectual  relief  can  only  proceed  from  au  abuudant  supply  of  good  and 
cheap  cotton. 

A  mural  truth  iia^^  now  been  taught  the  wuriii,  that  slavery  and 
tyranny  shall  not  permanently  yield  prosperity,  and  the  wrongs  of  the 
oppressed,  crying  for  justice,  indicate  that  retribution  is  the  corrective 
of  iniquity.  Experience  anid  the  physical  construction  of  the  earth 
both  tell  us  that  without  adequate  exertions  there  can  be  no  beneficial 
re.'oults;  and  con*:equently,  in  thi-^  great  country,  when  danglers  are 
threatening*  extinrtiorj  to  any  [tortion  of  tlie  conununity,  etibrts  must  be 
called  forth  to  susuiin  tlie  m  il  IiI  and  induct  rial  fabric,  to  coutribute  to 
the  means  of  labour,  to  promote  commerce,  to  extend  civilization, 
and  still  to  raise  our  national  aims  in  the  cause  of  humanity  and  of 
universal  justice,'  that  should  prosperity  again  shine  upon  our  country, 
there  may  be  in  our  distant  intercourse  and  relationsi  no  leading  into 
captivity,  and  at  home  no  complainiiw  in  our  streets. 

[T.  B.] 
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GENERAL  MONTHLY  MEETII^G, 

MoDday,  June  2, 1862. 

The  Rev.  John  Bablow,  M.A.  F.E.S.  Vioe-Presideiity  in  the  Cbair. 

IHre.  Henry  Bischofsheim. 

The  n«'v.  W.  U.  Tilsou  Marsh,  M.A.  aod 

Major  iioger  North. 

were  elected  Members  of  the  Royal  InstitutbD. 

The  Manas^ers  rcportetl,  That  in  pursuance  of  the  Deed  of  Endow* 
mcnt,  thoy  had  appointed  John  Mahsuall,  Esq.  F.R.S*  to  be 
FuUeriau  Professor  of  Physiology. 

The  eordial  thanks  of  the  Members  were  letorned  to  Sir  HcmiT 
Holland,  Bart.,  for  a  Present  of  Forty  Pounds,  being  his  Ibarth 
Annual  Gift  to  the  Institution  for  the  purchase  of  Philosophical  App^ 
ratns. 

The  PiiESENTS  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thaaks  of  the  Members  returned  for  the  same  :  viz. 

FaoM 

jUiaHe  Beeieitf  fjf  Bengal— JoanetU  No.  S8S.   8vo.  IMS. 

Aatrinunnical  Society t  ){oyal — Monthly  Notices,  April  18tl2.  8V0b 
Cfi'  m'r.-tl  Societu — Quarterly  Journat,  No.  fjl,    Svo.  l«(;2. 
Villi  Eiiyineera  Ingtilution — Pioceetliugs,  May  itib2.  8vo. 
liUiiror*— Artisan  for  May  1863.  4to. 

Athenri  trni  for  May  1862.  4to. 

Cbeuiicai  News  for  May  1862.  4to. 

Engineer  fat  Ma^  1663.  Ibl. 

Journal  of  Gjus-Lighting  for  May  1502.    4to.  * 
Mechanics'  Magajcinc  for  May  1862.  8vo. 
Medical  Circular  for  May  1862.  8vo. 
PracUcal  Mechatucs'  Journal  for  May  1668.  4IOi 
St.  James's  Medley  for  May  1862.  8vOb 
Technologist  for  May  1862.   8 to. 
Fandaif,  Pn^tater,  D,C.L.  F.RJ&,  M.XJ.^'KtAM.  Aksdeaiie  der  WliKUMha^ 
ten,  Wicn  :  Math.  Nat.  Clsne:  DenkaehrifUm.  Bud  XX.  4to.  1668.  Sitsang- 
bench  te.    1862.  8vo. 
Franklin  Institute  of  Pennsylvania — Journal,  Vol.  XLIV.  No.  5.  8vo.  18^2. 
Geological  ImMtitute,  Imperial,  Henna—  M.  Homes,  FoMilen  Mollnskea  des  Tertittr> 

bfckens  von  Wien.    4to.  1802. 
Geoloaical  Society — Journal,  No.  70.    8vo.  1863. 

Transactions,  Vol.  VII.   Nob.  1,6,4.  4ta  1845-66. 
GtteriM-3rr.„riU,-,  M.  i\  'fh--  /i'^///or>-.Bappoit8»  fto.,  s«r  Isi  Vsis  k  Sois  de 
TAiiaute,  &c   8vo.  1860-^. 
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MHUt  5iirifoinE(iiMr,ir.C8.— Eighth  Reportof  the  FostniMleMSeiml.  8m  186S. 

Horticultural  Societif,  Jini/(il~PTocect\'meSy  ]8G2.    No.  5.  8vo. 

Liharzik,  M.  F.  P.  {the  AuUm) — The  Iaw  of  Increase  and  the  Structure  of  Mao. 

Vienna.    4to.  1862. 
Luutean  Socuti/  —Jounml  of  ProceeJiugs,  No.  23.    8vo.  18ri2. 
Mackic,  S.  ./.  A'.sv/.  1-  (i.S.  {the  J-.ditor^The  Geologist  for  May  18(i2.  gvo. 
Moigno,  Abbe  (J he  luiUor) — Aonuaire  du  Cosmos.   4"  Anue'e.    Itito.  1862. 
Htwiim^  Mntn. — London  Joamal  (New  Series)  for  May  1862.  Sva 
Vtrinnl,  U  AV/.— Ninth  and  Tenth  KeportsoT  the  Britiih  Meteorogical  Society, 

1«59,  1860.  8vo. 

Peiermann^  A.  Esq.  (th§  Editor) — Mittheilungen  aus  duni  Gesammtgebiete  dcr 

Geographic.    1862.    No.  4.    4 to. 
Photopntpht'c  Society  -  Joarnalf  T!io.  \2\.    Svo.  1861. 

Etchdrdgon,  Mr.  J.  {(he  Author)— Studies  from  the  Autiqne.    (,K  88)    8vo.  1862. 

Slatistieal  Sodetif—Joanai,  Vol.  XXY,   F^2.  6m  186S. 

Uiiiicd  Strnce  Institution,  Royal^AwmtX,  Na  SO;  and  Prooeedingn  of  Annual 

Meeting'    8to.  181,2. 

SmUv^  \y.  H,  Eiq.  View  of  Bonaparte's  Tomb  at  St.  lieleua,  from  a 

Drawing  bv  Commistuy  Ibtiolsoi^  in  18S8b 
Owerim-Maumib,  M.  ^'—Specimens  of  the  Ailante  Silfcwonn  and  itsPkoduota, 


WEEKLY  EVENING  MEETING, 

Friday,  June  6,  1862. 

TiiK  Duke  or  Nortuombbrland.  K.G.  F.R.S.  President, 

in  the  Chair. 

John  Ttndall,  Esq.  F.R.S. 
nonKtn  ev  uavjuajl  rnioeovmrt  novAL  msvuvfiur. 

The  existence  of  the  International  Exliibitioa  suggested  to  our  Hono- 
rary Secretary  the  idea  of  devotinj^  tlie  Friday  evenings  after  Ea^tter  of 
the  present  yt^r  to  dii^courses  on  the  vaiious  agencies  on  which  liiu 
material  strength  of  England  is  based.  He  wishM  to  make  iron,  ooal, 
cotton,  and  kindred  matters,  the  subjects  of  these  dlscounes ;  opening 
the  series  by  a  discourse  on  the  Great  Exhibition  itself ;  and  he 
wuhed  me  to  finbh  the  series  by  a  discourse  on  Force  "  in  general. 
For  some  months  I  thought  over  th<*  siihjeet  at  intervals,  and  had 
devised  a  plan  of  dealing  with  it  •  l>  it  three  weeks  at^u  I  was  induced 
to  swerve  from  this  plan,  for  rLa>i>iia  which  shall  be  made  known 
towarii^s  the  conclusioQ  of  the  discouri>e. 

We  all  have  ideas  more  or  less  distinct  r^;arditi|^  f<NPoe ;  we  know . 
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ID  a  ceneral  way  what  muscular  force  means,  and  eadi  of  09  would 
less  willingly  accept  a  blow  fmm  a  pygilist  than  have  liU  ears  tioxed 
by  a  lady.  Butthm  geneFal  ideaa  are  not  now  eaflicient  for  us  :  we 
must  learn  how  to  express  numerically  the  exact  mechanical  value  of 

Ibe  two  blows  ;  tills  is  the  first  point  to  be  cleared  up. 

A  sphere  of  h  rtrl  weighing  1  lb.  was  suspended  at  a  iieij^ht  of  16  feet 
above  the  theatre  tioor.  It  was  liberated,  aud  fell  by  i^ravity.  That 
weight  required  exactly  a  second  to  iall  to  the  earth  from  that  elevation ; 
and  the  instant  before  it  touched  the  earth,  it  bad  a  velocity  of  32  feet 
a  ancood.  That  b  to  say,  if  at  that  instant  the  earth  were  annihilatedy 
and  its  attiaetion  annulled,  the  weight  would  proceed  through  space  at 
the  uniform  velocity  of  32  feet  a  second. 

Suppose  that  instead  of  being  pulled  downward  by  gravity,  tlie 
weight  is  cast  u[)\vard  in  opposition  to  the  forco  f}f  gravity,  with  wliat 
velocity  must  it  start  from  the  earth's  siirface  in  order  to  reach  a  heiglit 
of  16  feet  ?  With  a  velocity  of  32  feet  a  second.  This  velocity  im- 
parted to  the  weight  by  the  human  arm,  or  by  any  other  mechanical 
means,  wouklcany  the  weight  up  to  the  precise  height  from  which  il 
has  fiillen. 

Now  the  lifting  of  the  weight  may  be  regarded  as  so  much  me- 
chanical work.  I  misht  place  a  ladder  against  the  wall,  and  carry  the 
weight  up  a  height  of  IG  feet;  or  I  might  draw  it  up  to  this  height 
by  means  of  a  string  and  pulley,  or  T  might  suddenly  jerk  it  up  to  a 
height  of  16  feet.  The  amount  of  work  done  in  all  these  cases,  as  far 
as  the  raising  of  the  weight  is  concerned,  would  be  absolutely  the 
same.  The  absolute  amount  of  work  done  depends  solely  upon  two 
things :  first  of  all,  on  the  quantity  of  matter  that  is  lifted ;  and  secondly, 
on  ttie  height  to  which  it  is  lifted.  If  you  call  the  quantity  or  mum 
of  matter  m,  and  the  heiglit  through  which  it  is  lifted  A,  then  the  pro- 
duct of  m  into  /i,  or  inh,  expresses  the  amount  of  work  done. 

Supposing,  now,  that  instead  of  imparting  a  velocity  of  32  teet  a 
seeoiid  to  the  weight  we  impart  twice  this  speed,  or  64  feet  a  second. 
To  wliat  height  will  the  weight  rise  ?  You  might  be  disposed  to 
answer^  "  To  twice  the  height ; "  but  this  would  be  quite  incorrect. 
Both  theory  and  experiment  inform  us  that  the  weight  would  rise  to 
Ibur  times  the  height :  instead  of  twice  16,  or  32  feet,  it  would  reach 
four  tunes  16,  or  64  feet.  So  also,  if  we  treble  the  starting  velocity,  the 
weight  would  reach  nine  times  the  height;  if  we  quadruple  the  speed  at 
starting,  we  attain  sixteen  times  the  height.  Thus,  with  a  velocity  of 
128  feet  a  second  at  starting,  the  weight  would  attaiti  an  elevation  of 
256  feet.  Supposing  we  augment  the  velocity  oi  sUirting  seven  times, 
we  should  raise  the  weight  to  49  times  the  height,  or  to  ao  elevation 
of  784  feet. 

Now  tlic  work  done — or,  as  it  is  sometimes  called,  the  meehamcai 
fffcct — as  before  explained,  is  proportional  to  the  height,  and  as  a 

(lotible  vcdoeity  gives  four  times  the  liei'^ht,  a  treble  velocity  m*TH' 
timec>  the  hei^^ht,  and  so  on,  it  is  perfectly  plain  that  the  mechanical 
edect  increases  a:s  the  square  of  the  velocity.    If  the  ma^s  oi  the  body* 
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be  represented  by  the  letter  m,  and  its  velocity  by  then  liie  iiiechaoi- 
nl  efliict  would  be  roiivesented  by  mi^.  lo  the  ease  cooddered,  I 
bave  siippoeed  the  weight  to  be  east  upward,  being  opposed  in  it* 
upward  flight  by  the  resistance  of  gravi^ ;  but  the  same  holds  true  if 
I  send  the  projectile  iuto  water,  mud,  earth,  timber,  or  other  resisting 
material.  If,  for  example,  you  double  tlie  vflncitv  of  a  cannon-ball, 
you  quadruple  niechanical  effect.  Hence  tlie  importance  of  aug- 
menting the  velocity  of  a  projectile,  and  iience  tite  philosophy  of 
Sir  William  Armstrong  in  U2>ing  u,  oOlb.  cluii'go  of  powder  in  his 
teeent  striking  experiments. 

The  measure  then  of  meehanica!  efiect  is  the  mass  of  the  body 
multiplie<i  by  the  square  of  it^  velocity. 

Now  in  firing  a  ball  against  a  target  the  projectile,  af^er  colllsi<m,  is 
offen  found  hissing  hot.    Mr.  Fairbairn  informs  mc  that  in  the  experi- 
ments at  SiH>eburync'?<s  it  is  a  common  thing  to  see  u  flash  of  light,  even 
in  broad  day,  wlieii  the  Imll  strikes  the  tarG^ct.    And  if  I  examine  niy 
lead  weight  alter  it  hita  fulieu  tiom  m  Ixeight  I  aha  tind  it  heated.  Now 
here  experiment  and  leasonlng  lead  ns  to  the  remarimble  law  that 
the  amount  of  heat  generated,  like  the  mechantcal  effeet,  is  pro- 
portional to  the  product  of  the  mass  into  the  square  of  the  velocity* 
Double  your  mass,  other  things  being  eqaal,  and  you  double  your 
amount  of  heat :  dotihlo  ynwv  velocity,  other  thiTij^-s  remaining  equal, 
and  you  quailruple  your  amonnt  of  heat.    Ilti  i;  then  we  liave  common 
mechanical  motion  destroyed  and  heat  produci  d.     1  take  this  violin 
bow  and  draw  it  across  this  string.    You  hear  the  sound.    That  sound 
is  due  to  motion  imparted  to  the  air,  and  to  produce  that  motion  a  cer- 
tain portion  of  the  muscular  force  of  my  arm  must  be  expended.  We 
may  here  oorreetly  say,  that  the  mechanic^  force  of  my  arm  is  converted 
into  music.  And  in  a  similar  way  we  say  that  the  impeded  motion  of  our 
descending  weight,  or  of  the  arrested  caiifion-ball,  is  converted  into  heat. 
The  mrxie  of  motion  chancres,  but  it  still  continues  motioit  ;  the  motion 
of  the  ///r/.vr  ?v  ronrerted  in  Id  (i  motion  of  the  atoms  oj  (he  mass;  and 
ti)e;>e  suiaii  motions,  communicated  to  the  nerves,  produce  the  sensation 
which  we  call  heat.   We,  moreover,  know  the  amount  of  heat  which  a 
given  amount  of  meehanieal  Ibree  can  develope.   Our  lead  ball,  for 
example,  in  fidling  to  the  earth  generated  a  quantity  of  heat  sufficient 
to  raise  the  temperature  of  its  own  mass  three-fifths  of  a  Fahrenheit 
degree.    It  re:iclied  the  earth  with  a  velocity  of  32  f("<  t  n  second,  and 
forty  times  this  velocity  would  he  a  small  one  for  a  ritie  bnllet ;  nuilti- 
pjyinir  ?fh8  i)v  the  sfjuare  (d'40.  we  find  that  the  amount  of  heat  de- 
veiopeti  by  coilisiun  with  the  target  would,  if  wliolly  concentrated  in 
the  lead,  raise  its  temperature  960  degrees.   This  would  be  more  than 
su£kient  to  fuse  the  lead.   In  reality,  however,  the  beat  developed  is 
divided  between  the  lead  and  the  body  against  which  it  strikes ;  never* 
theless,  it  would  be  worth  while  to  pay  attention  to  this  point  and  to 
ascertain  whether  rifle  bullets  do  not,  under  some  circumslaooes,  show 

signs  of  fusion. 

kroai  the  motion  of  sensible  ma:«ses,  by  gravity  uud  other  meujis. 
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the  speaker  paMed  to  the  motion  of  atonu  toward*  each  other  by  chendoal 
affinity.  A  collodion  balloon  filled  with  a  mixture  of  chlorine  aud 
liyiirogen  was  hung  in  the  focus  of  a  parabolic  mirror,  and  in  the  focue 
of  a  second  mirror  20  f\.  (ii.^tant  a  strong  electric  li^Iit  was  suddenly 
generated  ;  the  instant  t)io  !it»-ltt  fell  upon  the  balloon,  the  atoms  within 
it  fell  together  with  exploMou,  and  hydro-chloric  acid  was  the  rcMilt, 
The  burning  of  eliarcoal  in  oxygen  was  an  old  experimenl,  but  it  liaii 
now  a  siguilicance  beyond  what  it  used  to  have ;  we  now  r^ard  the  act 
of  combination  on  the  part  of  the  atoms  of  oxygen  and  coal  exactly  as 
we  ragard  the  clashing  of  a  falling  weight  against  the  earth.  And  the 
heat  produced  in  both  cases  U  renrable  to  a  common  cause.  This  glow- 
ing diamond,  which  bums  in  oxyo;-en  as  a  star  of  white  Hg:ht,  p^lows  and 
burns  i?i  o()nst'(|uence  of  rdo  falling  of  the  atoms  of  oxygen  against  it. 
And  couhi  we  measure  liiu  YeIo<'ity  of  the  atom.s  wlien  they  cia^sh,  and 
could  we  find  their  number  and  weight,  multiplying  the  mass  uf  eticii 
atom  by  the  square  of  its  velocity,  and  adding  all  together,  we  fthouki 
get  a  number  representing  the  exact  amount  of  heat  developed  by  the 
union  of  the  oxygen  and  carbon. 

Thus  fiir  we  have  regarded  the  heat  developed  by  the  clashing  of 
sensible  masses  and  of  atoms.  Work  is  expended  in  giving  motion  to 
th('M»  atoms  or  masses',  and  licat  is  developed.  Dut  we  reverse  this 
process  daily,  and  by  the  exptn<iuure  ot  heat  execute  woik.  We  cau 
raise  a  weight  by  heat ;  and  in  this  agent  we  possess  an  enormous  »tore 
of  mechanical  power.  This  pound  of  coal,  which  I  hold  in  my  hand, 
prodooea  by  its  combination  with  oxygen  an  amount  of  heat  whieh, 
if  mechanically  applied,  would  suffice  to  raise  a  weight  of  100  Iba.  to 
a  height  of  20  miles  above  the  earth's  surface.  Conversely,  100  lbs. 
falling  from  a  height  of  20  miles,  and  striking  against  the  eaiih,  would 
generate  an  amount  of  heat  equal  to  that  developed  by  the  conil)«->T!on 
of  a  pouii  i  nf  coal.  Wliertiver  work  is  done  by  heat,  heat  di.sa[»}H aiij. 
A  gun  wliich  fires  a  bull  is  less  heated  than  one  which  fires  blank 
cartridge.  The  quantity  of  heat  communicated  to  the  boiler  of  a 
working  steam-engine  is  greater  than  that  which  coald  be  obtained  from 
the  re-condensation  of  the  steam  after  it  had  done  its  work;  and  the 
amount  of  work  performed  is  the  exact  equivalent  of  the  amoaot  of 
heat  lost.  ]Mr.  Smyth  informed  us  in  his  interesting  discourse,  that  we 
di<j|'  annually  84  millions  of  tons  of  coal  from  our  pits.  The  amount  of 
mechanical  force  repre8€ute<l  by  this  quantity  of  coal  seems  perfectly 
fabulous.  The  combustion  of  a  single  pound  of  coal,  supposing  it  to 
take  place  in  a  minute,  would  be  equivalent  to  the  work  of  300 
honea;  and  if  we  suppose  108  millions  of  horses  working  day  and 
night  with  unimpaired  strength,  for  a  year,  th«r  united  energies  would 
enable  them  to  perfor^i  an  amount  of  work  just  equivalent  to  thai 
which  the  annual  produce  of  our  coal-fields  would  be  able  to  accom- 
plish. 

Comparing  the  energy  of  the  force  with  which  oxyijen  and  carbon 
unite  lugetfier,  with  ordinary  gravity  the  chemical  afhnity  seems  almost 
infinite.    But  let  us  give  gravity  fair  play ;  let  us  permit  it  to  act 


Digitized  by  Google 


1862.] 


on  1  urce* 


531 


throughout  its  etitire  range.  Pkoe  a  body  at  such  a  diftanee  from  the 
earth  that  the  attraction  of  the  eai^b  is  barely  seusible,  and  let  it  fall 
to  the  earth  from  this  liistance.  It  would  reach  the  earth  with  a  final 
velocity  of  36,747  feet  in  a  second;  and  on  collision  witli  the  earth  the 
body  would  generate  about  twice  the  amount  of  heat  generated  by  the 
combustion  of  an  equal  weight  of  coal.  We  have  stated  that  by  failing 
through  a  space  of  16  feet  our  lead  bullet  would  be  heated  three-fifths 
of  a  degree ;  bat  a  body  falling  from  an  infinite  distance  has  already 
used  op  1,299,999  parts  out  of  1,300,000  of  the  earth's  pulling  power, 
when  it  has  arrived  within  16  feet  of  the  surface  ;  00  this  space  only 
yyjj^j^^ths  of  the  whole  force  is  exerted. 

Let  ua  now  turn  our  tlnvii'/lits  for  a  moment  from  the  earth  towards 
the  sun.  Tlie  researches  ot  .Sir  John  Herschel  and  M.  Pouillet  have 
informed  us  ut  the  annual  exp  jmliture  of  tlie  sun  as  regards  lieat  ;  and 
by  an  easy  calculation  we  ascertain  the  precise  amount  of  the  expendi- 
ture which  fidls  to  the  share  of  our  planet*  Out  of  2300  million  parts 
of  light  and  heat  the  earth  receives  one.  The  whole  heat  emitted  by 
the  sun  in  a  minute  would  be  competent  to  boil  12,000  millions  of  cubic 
miles  of  ice-cold  water.  How  is  this  enormous  kiss  made  good? 
TVIience  is  the  sun's  heat  derived,  and  bv  what  means  is  it  maintained  ? 
No  combustion,  no  chemical  affinity  wilii  which  we  are  acquainted 
would  be  compeient  to  produce  the  temperature  of  the  sun*s  surface. 
Besides,  were  the  sun  a  burtiiug  body  uieicly,  its  iigiii  and  heat  would 
assuredly  speedily  come  to  an  end*  Supposing  it  to  be  a  solid  globe  of 
coal,  its  combustion  would  only  cover  4600  years  of  expenditure.  In 
this  short  time  it  would  bum  itself  out.  What  agency  then  can  pro- 
duce the  temperature  and  maintain  the  outlay?  We  have  already  re- 
iL^arded  the  case  of  a  body  falling  from  a  great  distance  towards  the 
earth,  and  found  that  the  heat  generated  by  its  collision  would  )>e  twice 
that  {ii  odiiced  by  the  conibu.stion  of  an  equal  weit^ht  of  coal.  How  much 
greater  must  be  the  heat  developed  by  a  body  falling  towards  the  sun  I 
The  maximum  vdoeity  with  which  a  body  can  strilcetlie  earth  Is  about 
7  miles  in  a  seccod ;  the  maximum  velocity  with  wliich  it  can  strike 
the  sun  is  390  miles  la  a  second.  And  as  the  heat  developed  by  the 
collision  is  proportional  to  the  square  of  the  velocity  destroyed,  an 
asteroid  fallinj^^  into  the  sun  with  the  above  velnrity  wonld  generate 
about  10,000  times  the  quantity  of  heat  generated  by  the  eombustion  of 
an  asteroid  of  coal  of  the  same  weifrlit.  Have  we  any  reason  to  believe 
tliat  such  bodies  exist  in  space,  and  ihaL  they  may  be  raining  down  upon 
the  sun  ?  The  meteorites  flashing  tluough  the  air  are  small  planetary 
bodies,  drawn  by  the  earth*s  attraction,  and  entering  our  atmosphere 
with  planetary  velocity.  By  friction  against  the  air  they  are  raised 
to  incoodesoenoe  and  caused  to  emit  light  and  heat  At  certain  seasons 
of  the  year  they  shower  down  upon  us  in  great  numbers.  In  Boston 
240,000  of  then  1  were  observed  in  nine  li(^nr>^.  There  is  no  reason  to 
suppose  that  the  planetary  system  is  limiu  d  to  *'  vast  masses  of 
enormous  weight;"  there  is  every  reason  lu  believe  that  space  is 
Stocked  with  smaller  masses,  which  obey  the  same  laws  as  the  large 
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ones.  That  leuticular  envelope  which  Kurrouu(L>  the  sun,  and  which 
in  known  to  astronomers  as  the  %ocUacal  light ,  is  probably  a  ciowd 
of  meteors ;  and  moving  as  they  do  in  a  resisting  medinm  they  must 
continually  approach  the  sun.  Falling  into  it,  they  would  be  com- 
petent t<^  protluce  the  heat  observed,  and  this  vvcHih!  constitute  a 
source  fioui  which  (he  annual  loss  of  heat  would  f)e  made  ^ood. 
The  sun,  acconliiig  to  this  hypothesis,  would  be  eoni tuually  growing' 
larger  ;  but  how  much  larger?  Were  our  moon  to  full  intr)  the  sun  it 
would  develope  an  amount  of  htut  sufficient  to  cover  one  or  two  yean** 
loss;  and  were  our  «^h  to  &11  into  the  sun  a  century's  loss  would  Im 
made  good.  Still,  our  moon  and  our  earth,  if  distributed  over  the  sur- 
ftce  of  the  sun,  would  utterly  vanish  from  perception.  Indeed,  the 
quantity  of  matter  competent  to  produce  the  neceMary  effect  would, 
(luring  the  rangr'  of  history,  produce  no  appreciable  auirT??onf.H(ion  in 
the  sun's  magnitude.  The  augmeiiTation  of  tlie  sun's  attractive  force 
\u)idd  be  more  appreciable.  However  this  hypothesi'*  may  fare  as  a 
representaiit  oi'  what  is  going  on  in  ituture,  it  certainly  shows  how  a 
sun  might  be  fbrmed  and  maintained  by  the  appQcatioo  of  Jmown 
thermodynamic  principles. 

Our  earth  moves  in  its  orbit  with  a  velocity  of  68,040  miles  au 
hour.  Were  thi;;  motion  stopped,  an  amount  of  heat  would  be  de* 
veloped  sufficient  to  rai'^e  \\w  teinperature  of  a  globe  of  lead  of  the 
same  size  as  the  earth  384,000  dei^ree-s  of  the  ceiitiurrade  thermoiueter. 
It  itas  been  prophesied  that  "the  elements  shall  melt  with  ft  ;  vent 
heat."  The  eartti's  own  motion  embraces  the  conditions  ot  luiliiment ; 
stop  that  motion,  and  the  greater  part,  if  not  tlie  whole,  of  her  mass 
would  be  reduced  to  vapour.  If  the  earth  fell  into  the  sun,  the  amount 
of  heat  develope<i  by  the  shock  would  be  equal  to  that  developed  by 
the  combustion  of  6485  earths  of  solid  coal. 

There  is  one  other  consideration  ennnccted  with  the  permanence  of 
our  present  terrestrial  conditions,  wliich  is  well  worthy  of  our  attention. 
Standing  upon  one  of  the  London  bridges,  we  observe  tiie  current  of 
the  Thames  reversed,  and  the  water  poured  upward  twice  a-day.  The 
water  thus  moved  rubs  against  the  river's  bed  and  sides,  and  heat  is  the 
consequence  of  this  friction.  The  heat  thus  generated  is  in  part  radi* 
ated  into  space,  and  then  lost,  as  fitr  as  the  earth  is  concerned.  Wiiai 
is  it  that  supplies  this  inc^sant  loss?  The  earth's  rotation.  Let  us 
look  a  little  more  closely  at  the  inatter.  Imagine  the  moon  fixed,  and 
the  e;\rth  turning  like  a  wheel  from  west  to  en-^t  in  its  diurnal  rotation. 
Suppose  a  high  mount;uii  on  tlie  earth's  sin  face  ;  ^m  approaching  the 
moon's  meridian,  that  mountain  is,  as  it  were,  laid  iiuid  of  by  the  moon, 
and  forms  a  kind  of  handle  by  which  the  earth  is  pulled  more  quickly 
round.  But  when  the  meridian  is  passed  the  pull  of  the  moon  on  th« 
mountain  would  be  in  the  opposite  direction,  it  now  tends  to  dinuuish 
the  vdocity  of  rotation  as  much  as  it  previously  augmented  it ;  and  thus 
the  action  of  all  fixed  bodies  on  the  earth's  surface  is  neutralized. 
But  suppose  the  mountain  to  lie  always  to  the  ea^t  of  the  m»M>fi's 
meridlau,  the  pull  theu  would  be  edways  eiLerted  against  the  edrtii':» 
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rotation,  t!ie  velocity  of  which  wouhi  be  diminisheil  in  a  Hegree  corrc- 
spoiMiiiJor  to  tlie  streng"th  of  the  pull.  TIk  tidal  wave  occupies  this 
position — it  lies  always  to  the  east  of  the  moon's  meridian,  and  thus  the 
waters  of  the  oeoao  are  id  pan  dragged  as  a  brake  along  the  surface  of 
the  earth ;  and  as  a  biake  tfa^must  diminleh  the  velocity  of  the  earth's 
rotation.  The  diminution,  though  inevitable,  is,  however,  too  Mnall  to 
make  itself  felt  within  the  period  ovot  which  observations  on  theiobject 
extend.  Su}>|)o.>«in}^  then  tliat  we  turn  fi  mill  by  the  action  of  the  tide, 
and  produce  iieaf  l>y  the  friction  of  tl»e  mill-tones;  that  hefit  has  an 
origin  totally  difiei crjt  from  the  heat  produced  by  another  mill  which 
is  turned  by  a  nMnmtain  stream.  The  former  is  produced  at  the 
expense  of  the  earth's  rotation,  the  latter  at  the  ejipense  of  the  sun  s 
ladlatioo. 

The  sun,  by  the  act  of  vaporiafttion,  lifts  mechanicaUy  all  the 
moisture  of  our  air.  It  condenses  and  falls  in  the  form  of  lain, — it 
freezes  and  falls  as  snow.  In  this  solid  form  it  is  piled  upon  the 
Alpine  heights,  and  furnishes  materials  for  the  glacie?^  of  the  Alp!«. 
But  the  sun  again  interposes,  liberates  the  soliflifipfi  liquid,  and  permits 
it  to  roll  by  gravity  to  the  sea.  Tfie  mechanical  force  of  every  river 
in  the  world  as  it  rolls  towards  the  ocean,  is  drawn  from  the  heat  of 
the  sun.  No  streamlet  f^Udes  to  a  lower  level  without  having  been 
first  lifted  to  the  elevatum  from  which  it  springs  by  the  mighty 
power  of  the  sun.  The  energy  of  winds  is  also  aue  entirely  to  the 
sun ;  but  there  is  still  another  work  which  he  performs,  and  his 
connection  with  which  is  not  «n  ol)vio«s.  Trees  and  vegetables  f^row 
upon  the  earth,  atjd  when  burtied  tliey  i^ive  rise  to  heat,  and  hence  to 
mechanical  energy.  Whence  is  this  power  derived?  You  see  this 
oxide  of  iron,  pr6duced  by  tiie  falling  together  of  the  atoms  of  iron 
and  oxygen ;  here  also  Is  a  tmniparent  gas  which  you  cannot  nowsc^^ 
carbonic  acid  ess — ^which  is  formed  by  the  falling  together  of  carbon  « 
and  oxygen.  These  atoms  thus  in  close  union  resemble  our  lead  weight 
while  resting  on  the  earth ;  but  I  can  wind  up  the  weight  and  prepare 
it  for  another  fall,  and  so  tlu'se  atoms  can  be  wound  up,  separated 
from  eacti  other,  and  thus  enabled  to  repeat  the  process  of"  conibination. 
In  the  building  of  plants  cari)onic  acid  is  the  material  Irom  which 
the  cai  bun  of  the  plant  is  derived  ;  and  the  solar  beam  is  the  agent  which 
lean  the  atoms  atfnnder,  settiug  the  oxygen  free,  and  allowing  the  carbon 
lo  aggregate  in  woody  fibre.  Let  the  solar  rays  fidi  upon  a  surftce 
of  sand ;  the  sand  is  heated,  and  finally  ladiates  away  as  much  heal 
as  it  receives;  let  the  same  beams  fall  upon  a  forest,  the  quantity  of 
heat  given  back  is  less  than  the  forest  receives,  for  the  energy  of  a 
portion  of  the  sunbeams  is  invested  in  building'  np  the  trees  in  the 
manner  indicated.  Without  the  sun  the  reduction  of  the  carbonic  acid 
cannot  be  effected,  and  an  amount  of  sunlight  is  consumed  exactly 
equivalent  to  the  moteeukur  work  done.  Thus  trees  are  formed  %  thus 
the  cotton  on  which  Mr*  Basley  discoursed  last  FHday  b  formed.  I 
ignite  this  cotton,  and  it  flames ;  the  oxygen  again  unites  with  its 
l^loved  carlMn ;  but  an  amount  of  heat  equal  to  that  which  you  see 
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])rocincf>d  hy  its  combustion  was  sachticed  by  the  sun  to  form  that 

bit  of  cotton. 

But  we  cannot  stop  at  vegetable  life,  for  tliis  is  the  source, 
mediate  or  imm^iate,  of  all  animal  life*  liie  sun  severs  the  carbon 
from  its  oxygen ;  the  animal  consumes  the  vegetable  thas  foraied,  and 
in  its  arteries  a  lennion  of  the  severed  elements  take  place,  and  pioduoe 
animal  heat.  Thus,  strictly  speaking,  the  process  of  building  a  vege* 
table  is  one  of  winding  up  ;  the  process  of  huildinji  an  animal  is  one  of 
running  down.  The  warmth  of  our  bodio,  and  every  mechanical 
enerp:)^  whieh  we  exert,  trace  their  lineage  directly  to  the  snn.  The 
tight  of  a  pair  of  pugilisti!,  the  motion  of  an  army,  or  the  lifting  of  his 
own  body  up  roountsuu  slopes  by  an  Alpine  climber,  are  all  cases  of 
raechanieal  energy  drawn  from  the  sun.  Not,.thereforey  in  a  poetical, 
but  in  a  purely  mechanical  sense«  are  we  children  of  the  sun.  With- 
out food  we  should  soon  oxidize  our  own  bodies.  A  man  weighing 
1 50  lbs.  has  64  lbs.  of  muscle ;  but  these,  when  dried,  reduce  themselves 
to  15  lbs.  Doinq-  an  ordinary  day's  work,  for  80  days,  this  mas«?  of 
nmscle  woul(i  be  \\  i)ol]y  oxidis^.  Special  organs  wbieh  do  more  work 
would  be  more  (niickly  oxidized:  the  heart,  for  exaiii[ile,  if  entirelv 
unsu8taiued,  would  be  oxidized,  iii  about  a  week.  Take  the  amount  of 
heat  due  to  the  direct  oxidation  of  a  given  amount  of  food ;  a  less 
amount  of  heat  is  developed  by  this  food  in  the  working  animal  ftame^ 
and  the  ml^^ing  quantity  is  the  eiact  equivalent  of  the  mechanical  work 
which  the  body  accomplishes. 

T  might  extend  these  consideration^  :  the  work,  indeed,  is  done  to 
my  hand — but  1  am  ^va^ned  that  I  have  kept  you  already  too  long. 
To  whom  then  are  we  indebted  for  tlie  strikiuu  ueneralizations  of  this 
evening's  discourse  ?  All  that  I  have  laid  buture  you  is  the  work  of  a 
roan  of  whom  you  have  scarcely  ever  heard.  All  that  I  have  brought 
before  you  has  been  taken  from  the  labours  of  a  German  phy>iciaiiv 
named  Mayer.  Without  external  stimulus,  and  pursuing  his  proleMioQ 
as  town  physician  in  Heilbronn,  this  man  was  the  first  to  raise  the 
conreption  of  the  interaetion  of  natural  forces  to  clcnrness  in  his  own 
mind.  And  yet  he  i*j  »^eareely  ever  heard  ol'  in  seiemific  lectures,  and 
even  to  srieritiHc  men  his  merits  are  but  partially  known.  Led  by  bis 
own  beautiful  retKiarches,  ami  quite  independent  of  Mayer,  Mr.  Joule 
published  his  first  l*aper  on  the  *  Mechanical  Value  of  Heat/  in  1843 ; 
but  in  1842  Mayer  had  actually  calculated  the  mechanical  equivalent 
of  heat  from  data  which  a  man  of  rare  originality  alone  oould  turn  to 
account.  From  the  velocity  of  sound  in  air  Mayer  determined  the  me- 
chanical equivalent  of  heat.  In  1845  he  published  his  Memoir  on 
'Organic  TVfotif*!).'  and  applied  the  mechanical  theory  •)f  hent  iu  the 
moi*t  fearlesij  and  precise  manner  to  vital  processes.  He  also  embraced 
the  other  natural  agents  in  his  chain  of  conservation.  In  1853  Mr. 
Waterstou  pjo^Kised,  independently,  the  meteoric  tlteorv  of  tlie  sun*s 
heat»  and  in  1854  Professor  William  Thomson  applied^ his  admiimlrfe 
mathematical  powers  to  the  development  of  the  theory ;  hut  shi  yeava 
previously  the  subject  had  been  handled  in  a  masterly  manner  by  Mayer, 
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and  all  that  I  have  said  on  this  subject  has  been  derived  from  him. 
When  we  consider  the  circumstances  of  Mayer's  life,  otkI  tbo  period  at 
which  he  wrote,  we  amnot  fail  to  be  struck  with  atitoiiisfiiTient  at  what 
he  has  accomplished.  Here  was  a  man  of  genius  woikint^  in  i-ilunce, 
aniiuuLed  solely  by  a  luve  of  his  subject,  and  arriviug  at  the  uioc^t  im- 
portant results,  some  time  in  advance  of  those  whose  lives  were  entirely 
devoted  to  Natural  Philosophy.  It  was  the  accident  of  bleeding  a 
feverish  patient  at  Java  in  1840  that  led  Mayer  to  speculate  on  these 
subjects.  He  noticed  that  the  venous  blood  in  the  tropics  was  of  a 
much  brighter  red  thnn  in  colder  latitudes,  and  his  reasonincr  on  this 
farf  Ird  liiin  iuto  the  laboratory  of  natural  forces,  where  he  lias  worked 
w  ith  .>.uch  sig-nal  ability  and  success.  Well,  you  will  desiireto  know  what 
Uiis  become  of  this  man.  His  mind  ^^avc  way  ;  he  became  insane,  and 
he  was  sent  to  a  lunatic  asylum.  In  a  biographical  dictionary  c€  his 
eoootiy  it  is  stated  that  he  died  there :  bnt  this  is  incorrect.  He  re- 
c  ov<Mod;  and,  I  believe,  is  at  this  moment  a  cultivator  of  vineyards  in 
Heilbronn. 


June  20th,  1RC2. 

While  preparin-j;  for  publication  my  last  course  of  lectures  on 
Heat,  I  wislied  to  make  myself  acquainted  with  all  that  Mayer  had 
doue  in  connection  with  this  subject.  I  accordingly  wrote  to  two  gen« 
tlemen  who  above  all  others  seemed  lilcely  to  give  me  the  information 
which  I  needed.  Both  of  them  are  Germans,  and  both  fiarticularly 
distinguislied  in  connection  with  tlie  Dynamical  Theory  of  Heat.  Each 
of  them  kindly  furnished  me  with  the  list  of  Mayer's  publications,  and 
one  of  tlM'Mi  was  so  friendly  as  to  order  tht  ni  from  a  bookseller,  and  to 
fiond  tlicni  \()  iiH'.  This  friend,  in  hi«  reply  to  niy  first  letter  regarding 
May*  1 ,  ijtuted  Ids  belief  that  I  sliould  not  find  anything  very  important 
in  flayer's  writiugs ;  but  before  forwarding  the  memoirs  to  me  he  read 
them  himself.  His  letter  accompanying  the  first  of  these  pepers,  con- 
tains the  following  words : — I  must  here  retract  the  statement  in  my 
last  letter,  that  you  would  not  find  much  matter  of  importance  in 
Mayer's  writings:  I  am  astonished  at  the  multitude  of  beautiful  and 
correct  thoughts  which  they  contain  and  he  cfoes  on  to  point  out 
various  important  snbjccts,  in  the  treatment  ui"  which  Mayer  hini  an- 
tici})ated  other  eminent  writers.  My  second  fiicm!,  in  wlioso  (,wii 
publications  the  name  of  Mayer  repeatedly  occurs,  and  winjse  [»a|>ers 
containing  these  references  were  translated  some  years  ago  by  myself, 
was,  on  the  10th  of  last  month,  unacquainted  with  the  thoughtful  and 
beautiful  essay  of  Mayers,  entitled  "  Bi  iij  .lge  znr  DynamiL  des  Him- 
mels and  in  when  Professor  William  Thomson  developed  in 

so  strikinp:  a  manner  the  meteoric  theory  of  the  sun's  heat,  ho  was  cer- 
tainly nut  aware  of  the  exi"*tence  of  tliat  e>say,  tl»ou<_;;h  troni  a  recent 
article  in  *  MacinillanV  lMay:azIne'  I  infer  tliat  he  is  now  aware  of  it. 
Alayer's  physiological  writings  have  been  referre*!  to  by  physiologists 
— by  Dr.  Cnrpenter,  for  example-^ in  terms  of  honourable  recognition. 
We  have  hitherto,  indeed,  obtained  fragmentary  glimp«M  of  tlie  man. 
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partly  from  physicists  and  partly  from  p1iy>if)1o2:i<ts ;  but  his  total 
merit  has-  never  yet  been  recognizprl  as  it  as8ure<ily  would  have  been 
liad  he  chosen  a  liappier  mode  oi  piiblicafiou.  1  do  not  think  a  greater 
disservice  cuuld  be  duue  to  a  man  ui'  i>cicnce,  titan  to  overstate  his 
clBima :  euch  overatatement  u  sore  to  recoil  to  the  duad  vantage  of 
Mm  in  whose  interest  it  is  made.  But  when  Mayer's  opfxirtuoitiesy 
achievements,  and  fate  aie  talLen  into  account,  I  do  not  thinic  that  I 
shall  be  deeply  blamed  for  attempting  to  place  him  in  that  honourable 
petition,  wliich  1  believe  to  be  his  due. 

Here,  liowever,  are  the  fif!<"^  of  Mayer's  papers,  tiie  perusal  of  which 
will  correct  any  error  ot  jiuli^inent  into  wliich  I  may  have  fallen 
regarding  their  autlior.  **  Beinerkungen  fiber  die  Krafte  der  uni>elebteii 
Katur,*' Liebig's  Anoalen,  1842,  Vol.  42,  p.  231  ;  "Die  Organiscbe 
Bewegung  in  ihrem  Zuaammenhange  mit  dem  Stoff-weefasei  r  Heil- 
bronn,  1845  $    Beitrfige  sur  Dynamilc  des  Hinunels,"  Hetlbronn,  1848 ; 

Bemerkungen  Hber  das  Meebanisebe  Equivalent  der  W&miei"  Heil* 
bronn,  186  !• 

[J.  TJ 


WEEKLY  EVENING  MEETING, 

Friday,  June  13,  1862. 

The  Duke  of  Northdmbekland,  £.G.  F.B,Sl  President, 

in  the  Chair. 

Major-Uen'.  vSir  IIenr¥  C.  Rawlinson,  K.C.B.  D.C.L.  F.B,S« 
On  Cuneiform  Writing,  and  the  Way  to  Mead  it. 

(^Abstract  Deferred.] 


WEEKLY  EVENING  MEETING, 

» 

Friday,  June  20,  1862. 

The  Ddke  ov  Nobtrumbbbland,  K.G.  F.R.S.  President, 

in  the  Cbair. 

M.  Fababat,  Esq.  D.C.L.  LL.D.  F.B^ 
isunua  nunmtM  or  oaiumwg,  a,i. 

On  Oai'Fumaeegf 

Tiie  subject  of  the  evening  was  gos-frjixsa  furnaces,  and  having  arisen 
almost  extemporaneously,  it  resolved  itself  chiefly  into  an  account  of  the 
manner  in  which  Mr.  Siemens  has  largely  and  pnictioally  applied  gas, 
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combined  with  the  use  of  his  heat  reirener ifor.  to  the  ignition  of  all 
kinds  of  great  furnaces*.  Gas  huii  been  Ubcd  to  supply  heat,  even  iiitoji 
a  very  large  scale,  in  bome  of  the  iron  blast  furnaces,  and  lieat  whicli 
has  done  work  once  has  been  carried  back  in  part  to  the  place  from 
whence  it  came  to  repeat  its  service ;  but  Mr.  Siemens  haa  combioed 
these  two  points,  and  successfully  applied  them  in  a  great  variety  of 
cases — as  the  potter's  kihi— the  etiameiler's  furnace —the  zine-distOIing 
furnace — the  tube-welding  furnace — the  metal-melting  furnace — the 
iron-puddling  furnace — and  tlie  g;lass  furnace,  either  for  covered  or  o]>e?( 

Sots — so  as  to  obtain  the  iii^he&t  heat  re(inired  over  any  ''xtejjt  oi's-pace, 
'ith  great  facility  of  management,  and  witli  great  economy  (one  half) 
of  fuel.  The  glass  furnace  de^ribed  had  an  area  of  28  feet  long  and 
14  feet  wide,  and  contained  eight  open  pots  each  holding  nearly  two 
tons  of  material. 

The  gaseous  fuel  is  obtained  by  the  mutual  action  of  coal,  air,  and 
water  at  a  moderate  red  heat.  A  brick  chamber,  perhaps  (>  fetit  by  12 
and  about  10  feet  high,  has  one  of  its  end  walls  converted  into  a  fire 
gratis  ir.  aboiit  !ialf\vay  down  it  is  a  s<did  plate,  and  for  tlie  rest  of 
the  ui.staiJtA*  cun-i-i-,  of  sfrort*;:  horizontal  plate  bars  where  air  enters; 
the  whole  being  ai  au  inclination  such  a^  that  which  ihe  :>idc  of  a  lieap 
of  eoals  would  naturally  take.  Coak  are  poured,  through  openings 
above,  upon  this  combiftation  of  wall  and  grate,  and  being  tired  at  the 
under-surface,  they  burn  at  the  place  where  the  air  enters ;  but  as  the 
layer  of  coal  is  from  2  to  3  feet  thick,  various  operations  go  on  in  those 
parts  of  the  fuel  which  cannot  burn  for  want  of  air.  Thus  t!»e  n|)per 
and  cooler  part  of  tlie  coal  pro(kices  a  lar^^er  bixly  of  iiydro-carbons ; 
the  cinders  or  coke  winch  are  not  volatilized,  approacii,  in  descending, 
towards  the  grate;  that  part  which  is  nearest  tiie  grate  burns  ^ith  tiie 
entering  air  into  carbonic  acid,  and  the  heat  evolved  ignites  the  mass 
above  it;  the  carbonic  acid,  passing  slowly  through  the  ignited  carbon, 
becomes  converted  into  carbonic  oxide,  and  mingles  in  the  upper  part 
of  the  chamber  (or  gas-producer)  with  the  former  h}  dro-carbons.  The 
water,  which  is  purposely  introduced  at  the  bottom  of  the  arrang-ement, 
is  first  vaporized  by  tlie  heat, and  then  decomposed  by  the  ignited  fuel 
and  rearrange<l  as  liydroirp!]  and  carbonic  oxide  :  and  only  the  ashes  of 
tiie  coal  are  removed  as  solid  nuiUer  from  the  ciiamber  at  the  bottom  of 
the  fire-bars. 

These  mixed  gases  form  the  gaseous  fuel.  The  nitrogen  which 
entered  with  the  air  at  the  grate  is  mingled  with  them,  constituting 
about  a  third  of  the  whole  volume.  The  gas  rises  up  a  large  verticid 
tube  for  12  or  15  feet,  after  which  it  proceeds  horizontally  for  any  re- 
quired distance,  and  then  tl'  scends  to  the  heat-regenerator,  through 
which  it  j)asses  before  it  enters  the  furnaces.  A  regenerator  is  a 
chamber  packed  with  fire-bricks,  bepurated  so  as  to  allow  ot  the  tree 
pass£^e  of  air  or  gas  between  them.  There  are  four  placed  under  a 
furnace.  The  gas  ascends  through  one  of  these  chambers,  whilst  air 
ascends  through  the  neighbouring  chamlier,  and  both  are  conducted 
through  passage  outlets  at  one  end  of  the  furnace,  where  mingling  they 
Vol.  Ill,  (No.  36.)  2o 
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hurn,  producing  tlic  heat  due  to  tlicir  chemical  action.  Pa5555ing  iiwnrrls 
to  the  other  end  of  the  furnace,  they  (i.e.  the  comhuied  ga.so)  i'uid 
precisely  similar  outlet^t  dowu  whicii  they  pass;  aud  traver^iiig  the  two 
lemaiDiug  regeneraton  from  above  dowDwards,  beat  tbent  intewlyy 
especially  tbe  upper  part,  and  so  travel  on  in  tbeir  cooled  state  to  tbe 
Fhafl  or  cbtmney.  Kow  the  passa^^  between  the  four  rcgeneraloiv 
and  the  "fas  and  air  are  supplied  with  valves  and  deflecting  plates, some 
of  which  are  like  fottr  way-cocks  in  tlieir  action  ;  so  that  hy  the  use  of 
a  lever  these  rei^eneratoig  and  air-ways,  which  were  carryin'^j^  off"  iho 
expended  fuel,  can  in  a  moment  b©  used  for  conducting-  air  and  u-asinto 
the  furnace ;  and  iliose  which  just  before  bad  served  to  carry  air  and 
into  the  furnace  now  take  tbe  btsmt  fitel  away  to  tbe  stack*  It  is  to  be 
observed,  that  the  intensely  heated  flame  which  leaves  the  furnace  for 
the  stack  always  procee<is  downwards  tlirough  the  regeneratofs,  so  that 
the  n}>per  part  of  them  is  most  intensely  ignite<l,  keeping  back,  as  it 
doejs,  the  intense  licat  :  and  go  effectual  are  they  in  this  action,  that  the 
gas  which  enters  tlie  stack  to  be  cast  into  the  air  is  not  n>-iinlK  nl'ove 
300°F.  of  heat.  On  the  other  hand,  the  entering  ^as  aiui  air  always 
parses  upwards  through  the  regenerator,  so  that  they  attain  a  tempera- 
tore  equal  to  white  heat  before  they  meet  in  the  furnace,  and  there  add 
to  the  carried  lieat  that  due  to  their  mutual  chemical  action.  It  is  con- 
sidered that  when  the  furnace  is  in  full  order,  the  h^t  carried  fonvard 
to  be  evolved  by  the  chemical  action  of  combustion  is  about  4000% 
whilst  that  carried  hack  by  the  regrenerators  is  about  3000^,  making  an 
intensity  of  power  which,  unless  modeiated  ou  purpose^  would  fuze 
furnace  and  all  exposed  to  its  action. 

Thus  the  regenerators  are  alternately  heated  and  cooled  by  the 
outgoing  and  entering  gas  and  air,  and  the  time  for  the  alternation  b 
from  h^f  an  hour  to  an  hour^  as  otiservation  may  indicate.  Tbe 
motive  power  on  the  gas  is  of  two  kinds — a  slight  excess  of  pressure 
within  is  kept  up  from  the  ^as-producer  to  the  bottom  of  the  rege- 
nerator to  prevent  air  eritering  and  mingling  with  the  fuel  before  it  is 
burnt  ;  but  from  the  furuaee,  downwards  through  the  regenerators, 
the  advance  of  the  hfvated  medium  is  governed  mainly  by  the  draught 
in  tiie  tall  stack,  or  chimney. 

Great  facility  is  afforded  in  the  management  of  these  furnaces. 
If,  whilst  glass  is  in  the  course  of  manufacture,  an  intense  beat  is 
required,  an  abundant  supply  of  gas  and  air  is  given  ;  when  the  glass 
is  made,  and  the  condition  has  to  be  reduced  to  working  temperature, 
the  quantity  of  fuel  and  air  is  reduced.  If  the  combustion  in  the  fur- 
nace is  required  to  be  gradual  from  end  to  end.  the  inlets  of  air  and 
gas  are  placed  more  or  less  apart  the  one  trom  tlie  otlier.  Tiie  gas  Is 
lighter  t}iau  the  air ;  and  if  a  rapid  evolution  of  heat  is  required  as  in  a 
short  puddling  furnace,  the  mouth  of  the  gas  inlet  is  placed  below  that 
of  the  air  inlet ;  if  the  reverse  is  required,  as  in  tbe  long  tube-weMing 
furnace*  the  contrary  arrangement  is  used.  Sometimes,  as  in  tbe 
enameller's  fornace,  which  is  a  long  muflle,  it  b  requisite  that  the  heat 
be  greater  at  the  door  end  of  the  muffle  and  furnace,  liecause  tbe 
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goods,  being  put  in  and  taken  out  at  the  same  end,  tliose  which 
enter  lust  and  are  withiira\Mi  Hrat,  remain,  of  cour&)e,  for  a  shorter  time 
in  the  heat  at  that  end  ;  and  though  the  fuel  and  air  enters  first  at  one 
end  and  tlien  at  the  other,  alternately,  still  the  necessary  difibrence  of  tem- 
perature is  preserved  by  the  adjustment  of  the  apertures  at  those  ends. 

I9ot  merely  can  the  supply  of  gas  and  air  to  the  furnace  be  go- 
verncd  by  valv<»  in  the  passag:es,  but  the  very  manufacture  of  the 
pas  fuel  itself  can  be  diminislit^,  or  even  stoppet!,  by  cutting  off  the 
supply  of  air  to  the  grate  of  tlie  gas-producer ;  and  this  is  important, 
iua.siiiuch  as  there  is  no  gasometer  to  receive  and  preserve  the  aeriibriu 
fuel,  for  it  proceeds  at  once  to  the  furnaces. 

Some  of  the  fomaoes  have  thdr  contents  open  to  the  fuel  and  com- 
bustion, as  in  the  puddling  and  metal-melting  arrangements  i  others  are 
enclosed,  as  in  the  muffle  furnaces  and  the  flint-glas^  furnaces.  Because 
of  the  great  cleanliness  of  the  fuel,  some  of  the  glass  furnacei*,  which 
before  had  closed  pot.<%,  now  have  them  open,  with,  great  advantage  to 
the  working  and  no  detriment  to  tiie  colour. 

The  economy  in  the  fuel  is  esteemed  practically  as  oue-haii,  even 
when  the  same  kind  of  coal  is  used  either  directly  for  the  furnace  or 
for  the  gas-producer ;  but,  as  in  tlie  latter  case,  the  most  worthless 
kind  can  be  employed — such  as  slack,  &c.,  which  can  be  converted 
into  a  dean  gaseous  fuel  at  a  distance  from  the  place  of  the  furnace, 
pn,  many  advantages  seem  to  present  themselves  in  this  part  of  the 
arrangement. 

It  will  be  seen  tliat  the  system  depends,  iii  a  great  measure,  upon 
the  intermediate  production  of  carbonic  oxide  from  coal,  instead  of  the 
direct  production  of  carbonic  acid.  Now,  carbonic  oxide  is  poisonous, 
and,  indeed,  both  these  gases  are  very  deleterious.  Carbonic  acid 
rourt  at  last  eo  into  the  atmosphere;  but  the  carbonic  oxide  ceases  to 
exist  at  the  furnace,  its  time  is  short,  and  whilst  existing  it  is  confined 
on  its  way  from  the  gas-producer  to  tlie  furnace,  ^vhere  it  becomes 
carbonic  acid.  No  signs  of  harm  from  it  have  occurred,  although  its 
application  lias  been  made  in  thirty  furnaces  or  more. 

The  following  are  some  numbers  that  were  used  to  convey  general 
impressions  to  the  audience.  Carbon  burnt  perfectly  into  carbonic 
acid  in  a  gas-produoer  would  evolve  about  400&  of  heat ;  but,  if  burnt 
into  carbonic  oxide,  it  would  evolve  only  1200°.  The  carbonic  oxide, 
in  its  fuel  form,  carries  on  with  it  the  2800^  in  chemical  force,  which 
it  evolves  when  burning  in  the  real  furnace  with  a  suflRcient  '^npply  of 
air.  The  remaining  1200"  are  employed  in  the  ga.>^-pioi!nctr  in  dis- 
tilling hydro-carbons,  decomposing  water,  Scc.  The  wliole  mixed 
gaseous  fuel  can  evolve  about  4000  ia  tiie  furnace,  to  wliich  ilie 
regenerator  can  return  about  3000'  more. 

[M.  F.] 
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GENERAL  MONTHLY  MEETING, 


MoDday,  July  7,  1862. 


William  Pole,  Esq.  M.A.  F.R.S.  Treasurer  and  Vice-Prendeiift 


were  elected  Members  of  the  Royal  Institotion. 

The  SjKotal  Thanks  of  the  Members  were  returned  to  Wabrem 
De  ia  Kue,  Esq.  F.R.S.  M.R.I,  for  the  following  Presents: 

Ap|>ai-atus  for  shuwing  the  total  Eclipst-  of  the  Sua  with  Clock*irork,  adapted 

also  to  the  Pneumatic  iidl  Experiments. 
Appamtns  used  In  Fhotographiog  the  Son. 

Mount  for  hi  Photognipha  lor  the  Electric  Lantern, 

Apparatus  fur  throwing  Ketlcctcd  luuiges  on  the  Screen. 
The  same  for  the  Corona. 

A  Screen  ibr  the  Klectric  Lamp,  12  ft  by  6fl.  in  sise. 

The  Prt!St:\ts  received  since  the  last  Meeting  were  Im1<1  on  tlie 
table,  and  the  thaiiks  of  the  Members  returued  for  the  same :  viz. — 


logical  Obaenratlons  taken  at  the  Statioos  of  the  Royal  Engineers,  1853-9. 

4to.  ipn*?. 

British  Museum^  7 'r»«r«(?«— Description  of  Ancient  Marbles.   By     Bircb.  With 
Engi-a-viDEs,    Part  XI.   4to.  1861. 

Select  Papjn     Part  II.    Plates  1-19.    fol.  1860. 

Catalogue  of  the  Birds  of  the  Tropical  Islands  of  the  Pacific   By  6.  R.  Giay. 
8to.  1859. 

Catalogoe  of  Acaathoptcrygian  Fishes.   By  A.  Gttntber.    Vols.  I.-III.  Svo. 

Catalogue  of  liones  of  Mammalia.   By  E.  Gerrard.   8vo.  1862. 

Specimen  of  a  Catalogue  of  Lycreiiidas.    By  W.  C.  Hewitaon.    4to.  1862. 

List  of  Lepidoptera.    Parts  19-24.    12mo.    I  sr.y-»i2. 

CiitalotMi.' i>f  Ilalticitla-.    Parti.    By  Hamlet  Clark.    8vo.  I860. 

List  ot  lintish  DiatomaccsD.   By  W.  Smith.    12mo.  1659. 

Gnide  to  BxlnblUon-rooms  (Natural  Histoiy  and  Antiqiuties).  8to.  1602. 

Description  of  T^ca(^mp;-roora.    l«»to.  1880, 

Guide  to  Printed  books.   8vo.  1862. 

■  Auto^ph  Letters,  &c.    8to.  1862. 

^  Drawings  end  Prints.    ?  % '  \>f'-:. 

  Collection  of  Minerals.    Svo.  1862. 

ActnaricSf  luslitiite  o/— Assurance  Magazine,  No.  48.    8vo.  it^62. 
AwmHo  So&€tf  qf  Beajpal— Journal,  No.  284.  8to.  1662. 


in  the  Chair. 


William  Kadford,  M.D.  and 
William  Ranger,  Esq.  C.E. 
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Astronomical  Society,  Roifol-^MoDihij  Notices,  May,  1862.  8vo 
Memoirs,  Vol.  XXX.    4tu.  1862. 


^""tLM?'^?;"^?,*'*-**'?  Mod'eles,  (Partes  et  Dessi«  Klaiift  aox  Trmax 

nones  (de  1  Lmpire  FratiQais).    8vo.    Paris,  I8C2. 
^arario«y4m</«wy  A'oyaA   Sit/iingsbcrichte;  1861.    Iknd  II.    Heft  3.  8vo 
lieamn,  H.  J.  C.  Lx.f.  I  he  Author) -Six  Weeks  in  Ireland.    l6to.  1862 
(  fiemuul  Nocif^v— Quarterly  Journal,  Nos.  62,  63.    8vo.  1862 

r*^*^  »*vo.  1859-60. 

'^T:        -  ^^^  ''l"''"^'-)-Experimental  luvc-stigalion  on  the PropanitioQ 
of  the  Llectnc  Current,  on  buhinanne  TcUlti]!!  Cables,    fol  \sr,] 

A?7^^"*?**°  Science,  by  B.  SUiiman,  &c  for  May,  1862^  Svo. 

ArtiJtan  for  June,  18r)2.    4to.  ^ 

Athena;uni  for  June,  lSf',2.  Uo. 

Chemical  News  for  June,  1862.  4to. 

Engineer  for  Jane,  1862.  fol. 

Horological  Journal,  No.  46.    8vo.  1862. 

Journal  of  Gas-Lighting  for  June,  1962.  4to. 

Mechanics'  Magazine  for  June,  1862.  8vo. 

Medical  Cu  ciilar  for  June,  1862.  8vo. 

Practical  .Mechanics'  Journal  for  June,  1862.  4lo. 

Technologist  for  June,  1862.  8vo. 
Gmh>e,Soci^tr<U  G^ooraphiede^M^l^  Tome  II.   Svo  1861 

^arTs    i86L  ^^•^W«<*»i<'WderElectricit^^ 

Mamf^n,  Rw,Jogeph  Mn, I. ^^otice  de  I'InvenUon  du  Laryni^oscoDe  (du  Dr 
Czcrmak)  par  P.  Richard ;  et  Obeemtlons  sur  la  Voix  Tt  M 

Garcia.    (K  SO)    8vo,    18GI.  •*  "uuuuuc,  par  M. 

HorticuU^al  S'culj^,  A'o^r/Z— Proceedings,  1862.    No.  6.  Svo 

M,<  /ae,  S.J.  Esq  F.G.S.  (the  firfftor^The  Geolomst  for  June,  1862  8vo 

^***J*S  ^^"'^^  '^^  ^ MJLI.-G.  Hogarth:  the  Philharii«,ic  S«K:lm  of 
London,  18ia-1862.    8vo.    1862.  -iiwoiianic  aociety  of 

Notion  ooneeming  the  Queen's  Concert  Rooms,  Hanover  Square.  (L  13)  8vo. 

Mechanical  Engineer^  InstituUnn,  Z/(V/«n/,7/.//«— Prooeedines  Jan  lRfi9 
M,^n^  Eugene  (the  Author)--Leiwr  to  Napoleon  III.  oa  sttii'^'  g^SUm 
States.     K  sy)    Svo.    1862.  «"  «ie  ooawem 

Newton,  Messrs.  -  London  Journal  (New  Series)  for  June,  1861  8vo 

r^o/<v7ra/>Aic  &ctc/y— Journal,  No.  122.    8vo.  1861. 
Jioual  Societif  of  /o/?*/-7/,_proceedings,  No.  9.    8vo.  1862. 
Greenwich  Observations  iu  1860.    4to.  1862 

'^'^1?h^%ff'^r"^*'  <?*«^^«W,  in  Pi«r««,-Verhandlungen.  Jao.  u«d 

Uniud  St  rvive  Institution,  ifoyaZ—Journal,  Nos.  21,  22.   8vo.  1862. 

^%!"i>anielK  ""^^''"•^  ^'^^^      Schumacher,  for  the  late  Professor 

Smifth^Harington  W.  iPsy.  F.A'.S.-Coal  Specimens  from  the  Grace  Marv  Pit. 
Oldhniy,  ;md  other  places  wniLc  maiy  Jr'it^ 

Varleu,Cro,n,r,:ll  F.  F.,  yf  IIJ.    %x5n.ens  of  Submarine  Electric  TeleffmtA 
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GENERAL  HOKTHLY  MOETIJNG, 

Monday,  November  3, 1862. 

Tbe  Rev,  John  Baelow,  M.A.  F.&S.  Yioe-Presideot,  iu  the  Chair. 

August  F.  Andresen,  Esq. 
Thomas  K.  Williams^  Esq.  and 
The  lion.  William  Warren  VeraoD. 

were  tUeUd  Memben  of  the  Boyal  lostitntioD. 

Tlie  decease  of  Sir  B.  C.  Brodik,  Bart.,  Manager  of  the  Boyal 

Institution)  was  announced  from  the  Chair. 

The  following  Lecture  Arrangements  have  been  made  for  the 
Ensuing  Season : — 

CJirisUnds  l.trtun  IPfi'J, 
Prof.  FaAMKLAND,  F.R.S.— Six  Lecturcw,  *  On  Air  and  Water." 

(^AJdplcJ  to  'I  Jutcniie  Amlitoryt} 

Before  Easier,  18G3. 
Prof.  J.  MAnsiTAT  i.,  F.K.S. — Twelve  Lectures,  *  On  Phygioloj^y/ 
I*rof.  E.  Fkanki.am),  F.U.S. — Ten  Lectures,  '  On  Chemistry.' 
W.  Savobt,  Enq.  F.B.8.— Four  Leetnreg,  *  On  lifis  and  Death.* 
Prof.  Max  Mulleb.— Twelve  Lectoree. 

After  Easter. 

Prof.  TvKDALL,  F.B.S. — ^Seven  Lectures. 

D.  T.  Aksfed,  Esq.  F.R.S. — Nine  Jjcctures,  *  On  Geology.' 

Prot  Wjf.  Tbomson,  F.K.S.^-Three  Lectures^ '  On  Electric  Telegraphy.' 

The  Presents  received  since  the  last  Meeting  were  laid  on  the 
table,  and  the  thanks  of  the  Members  returned  for  the  same  :  viz. — 

Fbom 

Her  Majr^ty't  n<*vtrnmenl  (through  Ihivn  C'-Ie,  CB.) — Catalojmc  of  the  Special 
Exhibitiua  ot  Wurkfi  of  Art  on  Loan  at  tuc  South  Kexisitigton  Mut>«uin.  8vo. 
1862. 

Commissioners  in  T^mh-u-'j — Sixteenth  Report.    8vo.  I8r»2. 
Govemor-Gena-al  of  India — .Memoirs  of  Geological  Survey  of  India : — 
PftbBontologica  Indiea.   No.  I.  4to.  1961. 

Actuaries,  Institute  o/"— Assurance  Magazine,  No.  49.    8vo.  1862. 

A'lrirtdttiral  Sncicttj,  Roijul — Journal,  Vol.  XXI  H.    8vo.  I8t)2. 
Aui/,  (r.  U.  F.K.S.  {the  Aslrvnuiiur  llutjai) — Krrau  in  Hauicu's  Luiai  lables. 
8vo.  IS6S. 

A nonipnou Thon^hii  on  Natural  Phenomena.    Bvr>.  If?n2. 
Antiquaries,  i><jcwt<f      Archoiologia.    Vol.  XXXVlil.  Fart  2.   4to.  18C2. 
Proceedings.   Vol.  I.  Not.  a-7.  8va  1660^8. 
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AtUilic  Socielif,  i^oyoi— Journals.  Vol.  XIX.  Part  4  j  and  Vol.  XX.  Part  1.  8\o, 
1863 

Asiatic  Socitljf  *f  Jounial,  No.  2fi5.    8vo.    1 8<:i. 

Asiroiunu'rul  Socielif,  Roifal — Motithly  Notiops,  June,  18(i2.  Svo. 

liatel  2\atu)al  Histury  SocUtH--\ itv\\\xmi\\sugiin.    I'heil  111.  Heit  3.    8vo.  1802. 

Bttvarim  Academy^  fio^l— \\)\\<\\AUiugexi.  Bind  IX.  Abth  S.   4to.  1863. 

Sitzungsberichte,  18fi2.    liiiiul  I.  Huft  1,  2.  3.  8vo. 
British  ArdiiUcls,  Jiot/al  Imiitutc  ^—Papers  read  iu  Ses^sion  1861-2.  4to. 

H.  Robertsf  Essentials  of «  Healthy  Dwelling.   (K  89)   8m  I86S. 

Srilish  Assf  rial  ion  fur  the  Atlrtiitvnntnt  of  S^:ience — J\V'port  of  the  Thirty-first 

Meeliug,  luUI  at  Manchester  ill  S<'pt<in!>er,  1861.    hvo.  \Hi',2. 
Cfuimbtrs,  (jr.  F.  Kaq.  M.lt.I. — Addresses  ut  the  Duiigaiiuu  Diet  of  &c. 

(L  13)    8vo.  18G2. 
Chemical  Socurfy  — Quarterly  Jourmil.  Nos.  €4,  65,  GG.    8\o.  1862. 
Comwcdl  Fohtechnic  Hucietv  Ho^al — Keport  for  1861.    8vo.  1862. 

ta  iflM^  Professor  (the  iiniW)— 8itr  les  Anrores  Boreales  et  Antlrales.  (From 
Mem.  de  la  Soc.  de  Ph vs.  de  Geneve.)    Tome  XVI.    4to.  1862, 
Dresser,  Christopher,  Esq.  {the  Author) — The  Art  of  Lkicomtive  Design.  Svo.  I8G2. 
Dublin  Society,  /ioyaZ— Journal,  Nos.  24,  25.   Svo.  1862. 
£[/{f(7r«— American  Jounial  of  Scienoe,  by  B.  ailli]iiao»  &c  for  Jaly  and  Septembor, 
isr,2.  8vo. 
Artizan  for  Jnly  to  October,  1862.  4to. 
Atbenenm  for  July  to  October,  1868.  4to. 
Clieinioal  News  for  July  to  October,  1862,  4tO. 
Engineer  for  July  to  October,  1862.  fol. 
Uoroloffical  Jonrual,  Not.  47-51.   8to.  1863. 
Journal  of  Gas- Lighting  for  July  to  October,  1862.  4to. 
Mechanics'  Magtizine  for  July  to  Octo!  cr,  1862.  8vo. 
Medical  C'ireuiar  fur  July  to  October,  18G2.  Svo. 
Practical  Mechanics'  Joornat  for  Jnly  to  October,  18C3.  4to. 
SL  James's  Medley,  Xos.  HI,  32.    Svo.  18G2. 
Tecbuoiogiint  for  July  to  October,  1862.  Svo. 
Fmaday,  I'nftssor,  U,C,L.  F.R.S, — ^V.  Regnantt:  £xp4^r^eDees  pour  d^teminer 
les  Lots  et  les  Donn^es  PhysiqiieB  n^eoaires  an  Gaieol  dea  Machines  au  Fen. 
Tome  11.    4  to.  1S(32. 
Vieuua.  Imperial  Academy  of  Sei'-nces:  Sitzunpsbeficlite.    Jan.-;\pril,  1862. 
Abhaodluii/^eu  der  K<">n.  Akademie  der  \Viss<.'i.scl;afien.  1861.  Berlin.  4to.  \sc,2. 
Farrer,  J<imes  W.  Aav/.  J/. A'. /.—James  Farrer,  M.P. :  Notice  of  Kunic  Inscriptions 
discovered  recently  during  Excavations  at  Maes  Uowe,  in  the  Orkue>». 
4to.   1863.   (PriTately  printed.) 
Franklin  hutitute of  Peiwsyliania — Jonrnal,  Vol.  XLIV.  Nos.  1-4.    Svo.  1863, 
Geographical  Societi/,  /.'o^a/— Proceedings,  Vol.  VI,   Nos.  3,  4.   Svo.  iS62. 

Journal,  Vol.  XXXI.    8vo.  1862. 
Ceological  lustittOe^  Ft«inf»  — Jahrbuch,  1861-2.    Na  3.   Sw.  18f2. 
Ceoloffical  Sbct>/y— Quarterly  Journal,  No.  71.    8vn  18^2. 
Griffith,  C.  Darbj/t  £sq.  M.P.  M.Ji.J,  (Ute  Authi/r)~ Ooionr  to  bculpture:  is  it 

applicable?  (K  89)   Svo.  1868. 
i/oorf,  /r.  C.  3/. />.  (/AeAwMor^— Statistics  of  Insanity,    1846-60.    8^0.  1863, 
Horticultural  Society,  Roual — Proceedings,  1862.    N<j6.  7-11.  Svo. 
Irish  Academy,  Awya/—'!  ransactions.  Vol,  XXIV.  Part  2.    4to,  1862. 

Louisa  Bay,  M.R.I* — Vocabulary  of  the  English  and  Malay  Lan« 
gucges.    (K         '^vo.    Singapore,  18." t. 
ZtMitrait  .Society— Journal  of  Proceedings,  No.  24.    Svo.  1862. 
IMoekt  John,  Esq.  FJt.S.  M.RJ.  {tJ^  Author)— Oa  the  Antiquity  of  Man,  &e. 
8vo.  18^2. 

Mackie,  S.  J.  Esq.  F.  G.S.  (the  Editor)~The  Geologist  for  July,  1862.  Svo. 
Manchester  Literary  and  Philosophical  Society— Mvmoln.   Third  Stricii  Vol.  I, 
1863. 

Proceedings.   VoL  I.  No.  15 ;  and  Vol.  il.  1860-63. 
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Marcet,  W.  M.D.  F.R.&  (iA#  Aullhty^  Chrooic  Alcbolic  Intoxicttioa.  2iid 

ed.    16to.  lPr,2. 

Medical  and  Chirurgical  Society,  /?oiy<i/— Proceedings,  Vol.  IV.  No.  2.  8vo.  I8r»2. 
MtchanuxU  Kngiueers'  Institution,  Bii  niinijham — Proceedings,  April,  Julv.  Svo.  186)1. 
Mtlbourne,  rinvirsidj  of,  Council,  Victwot  Atittralia — Catai<>giie  (rf' the  Melboame 

Public  Library.   tJvo.  1861. 
Slatittical  Register  of  Victoria,  and  Calendar  for  18S5.   By  W.  H.  Archer. 

8vo.  1854. 

Catalogtie  of  the  Victoria  Exhibitioa,  with  Prefatory  Essays  ou  the  Progrew  of 

tlie  Colony.    8vo.  18G1. 
The  Victoria  Government  Priie  Es.<a.\  s.    i  si,!).    Svo.  1861. 
Statistical  Notes  of  the  Progress  of  Victoria.    Ilv  W.  H.  Archer.    4to.  18GI. 
Milberg,  J.  H.       Aullwr)—nie  Worihlessness  of  Iron-cased  Ships.  (L  13;  Svo. 

166S. 

Das  Wahre  Soiinonsy stem.    f^L  13)    8vo.  1862. 
Newton,  Messrs. — Loudon  Journal  (New  Series)  for  July  to  October,  18G2.  8vo. 
Vackf,  Edmund,  Esq.  3/,^./.— Charles  Packc :  Guide  to  the  Pyrenees.  With 

Mape,&c.   IGto.  1862. 
PeUrmumi,  A.  Esq.  {the  /-rf/rVor)— MIttheilungeu  aus  dem  GeMnnoitgebiete  der 

Geographic.    Nos.  6,  7,  8,  9.    4to.  18C2. 
Photfxjrauhie  Soet«#y— Joomal,  Noe.  123-126.   Svo.   1 863. 
Pratt,  Henrn  F  M.  D.  (the  Afithor)-On  the  Eoeentrie  aod  Centric  Porae:  a  Nev 

Theory  of  Pi-ojection,    8vo.  1862. 
Rtddif  ,  James,  Esq.  {the  Author)— The  Mechanics  of  the  Heavens,  (K  8y)  8vo. 

Horna,  At  cadcmia  Pont^ia  de'  ^uovi  Liacei — Atti:  Anno  XUJ.   Sefsioiu  ^,  6,  7. 
4to.  186U. 

/^oytiZ  S</cje<yo//,o«(/<in  — Proceeding,  Nos.  49,  .50.    Svo.  1862. 

Saoori/,  yy.  S.  Esq.  F  ILS. — Descnpiive  Catalogue  of  the  Anatomical  Museum  of 

St.  Bartholomew's  Hospital,  8  vols.    8vo.    1840  ^2. 
Saxon  Societif  of  Sciences,  Leipsic — Abhandluugeu  und  Beiichte.    4to  and  8v(>. 

1862. 

SedguHch,  J.  Bell,  Eaq.  Af.l?./.— B.  Sehwarst  AnthropometRcal  iDvestigatioos. 

4to.  1862. 

Statistical  Soviettf— Journal,  Vol.  XXV.  Part  3.    8vo.    18  i2, 

Tkrupp,  Joseph  IK  Esi/.  M  /?./.—  Uev.  Joseph  Francis  Thnipp:  Introdoetion  to 

the  Use  and  Study  of  the  Psalms.    2  vols.    Svo.  I860. 
United  Service  I nslitutiott,  A'u^a/— Journal,  No.  23.    Svo.  1862. 
VereiHs  zur  Bi0rd»ung  de$  Gewtrbjieisseg  in  FVvttMtfa— 'Verhandlungen,  Marz  zu 
Juni,  lsr.L>.  tlo. 

Voipicelli,  Professor  r,(Uie  Author) — Sulla  Electricity  deU'  Atuosfera.  2*  e  3^  Note. 
4to.    186 1. 

WaU<m,  J.  Forbes,  3/.  Z>.-rCataIogue  of  the  Contributions  from  India  to  the  Ex> 

htbition  of  1862.    4to.    Calcutta.  I86'2. 
ydtts,  James,  Esq.  F.Ji.S.  MALI,  {the  /luthorj—On  the  Excess  of  Water  in  the 

Region  of  the  Earth  aboat  New  Zealand:  its  Causes  and  its  fifPects.  (Prom 

Edin.  Philos.  Jonm.  Oct.  1862.)  Svo.  1862. 
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AuEL,  F,  A.,  on  Science  applied  to  Mili- 
tary Purposes,  243. 

—  on  Explosions  and  their  Military 
Applieatious,  133, 
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